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8QGHUVWDQGLQJ%LJ&RQVXPHU2SLQLRQ'DWDIRU 
0DUNHWGULYHQ3URGXFW'HVLJQ

,QWHUQDWLRQDO-RXUQDORI3URGXFWLRQ5HVHDUFK

-LDQ-LQD<LQJ/LXE3LQJ-LFDQG+RQJJXDQJ/LXF

D'HSDUWPHQWRI,QIRUPDWLRQ0DQDJHPHQW6FKRRORI*RYHUQPHQW
%HLMLQJ1RUPDO8QLYHUVLW\
%HLMLQJ&KLQD

E,QVWLWXWHRI0HFKDQLFDODQG0DQXIDFWXULQJ(QJLQHHULQJ6FKRRORI(QJLQHHULQJ
&DUGLII8QLYHUVLW\
&DUGLII&)$$8.

F'HSDUWPHQWRI,QGXVWULDODQG6\VWHPV(QJLQHHULQJ
7KH+RQJ.RQJ3RO\WHFKQLF8QLYHUVLW\
+RQJ.RQJ6$5&KLQD

&RUUHVSRQGLQJDXWKRU
7HO
(PDLOMLQMLDQMD\#EQXHGXFQ

$FNQRZOHGJHPHQW
7KLV ZRUN ZDV VXSSRUWHG E\ WKH )XQGDPHQWDO 5HVHDUFK )XQGV IRU WKH &HQWUDO
8QLYHUVLWLHV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ϭ

8QGHUVWDQGLQJ%LJ&RQVXPHU2SLQLRQ'DWDIRU 
0DUNHWGULYHQ3URGXFW'HVLJQ

$EVWUDFW
%LJFRQVXPHUGDWDSURYLGHQHZRSSRUWXQLWLHV IRU EXVLQHVVDGPLQLVWUDWRUV WRH[SORUH
WKH YDOXH IURP WKHP DQG IXOILOO FXVWRPHU UHTXLUHPHQWV &5V *HQHUDOO\ WKH\ DUH
SUHVHQWHG DV SXUFKDVH UHFRUGV RQOLQH EHKDYLRU HPRWLRQV HWF +RZHYHU WKH
GLVWLQFWLYH FKDUDFWHULVWLFV 9V OHDG WR PDQ\ FRQYHQWLRQDO PHWKRGV IRU FXVWRPHU
XQGHUVWDQGLQJ SRWHQWLDOO\ IDLO WR KDQGOH VXFK GDWD $ YLVLEOH UHVHDUFK JDS ZLWK
SUDFWLFDOVLJQLILFDQFHLV WRGHYHORSDIUDPHZRUNDQGVHYHUDODSSURDFKHVWRGHDOZLWK
ELJ FRQVXPHU GDWD IRU &5V XQGHUVWDQGLQJ $FFRUGLQJO\ D SLRQHHU UHVHDUFKZRUN LV
FRQGXFWHGWRH[SORLWWKHYDOXHRIWKHVHGDWDIURPWKHSHUVSHFWLYHRISURGXFWGHVLJQHUV
,W VWDUWVZLWK WKH LGHQWLILFDWLRQRISURGXFW IHDWXUHVDQGVHQWLPHQWSRODULWLHV IURPELJ
FRQVXPHU RSLQLRQ GDWD $ .DOPDQ ILOWHU PHWKRG LV WKHQ HPSOR\HG WR IRUHFDVW WKH
WUHQGVRI&5VDQGD%D\VLDQPHWKRGLVSURSRVHGWRFRPSDUHSURGXFWV7KHREMHFWLYH
LV WR KHOS GHVLJQHUV WR XQGHUVWDQG FKDQJHV RI&5V DQG WKH FRPSHWLWLYH DGYDQWDJHV
)LQDOO\ZLWKRSLQLRQGDWDLQ$PD]RQFRPDFDVHVWXG\LVSUHVHQWHGWRLOOXVWUDWHKRZ
WKH SURSRVHG WHFKQLTXHV DUH DSSOLHG 7KLV UHVHDUFK LV DUJXHG WR LQFRUSRUDWH DQ
LQWHUGLVFLSOLQDU\ FROODERUDWLRQ EHWZHHQ FRPSXWHU VFLHQFH DQG HQJLQHHULQJ GHVLJQ ,W
DLPVWRIDFLOLWDWHGHVLJQHUVE\H[SORLWLQJWKHYDOXDEOHFXVWRPHULQIRUPDWLRQIURPELJ
FRQVXPHUGDWDIRUPDUNHWGULYHQSU GXFWGHVLJQ

.H\ZRUGVELJGDWDFXVWRPHUUHTXLUHPHQWVHQWLPHQWDQDO\VLVSURGXFWFRPSDULVRQ
WUHQGVDQDO\VLVSURGXFWGHVLJQFRQFHSWXDOGHVLJQWH[WPLQLQJ

 ,QWURGXFWLRQ
$FFRUGLQJ WR DQ ,'& UHSRUW LQ  WKH YROXPH RI GDWD GRXEOHV HYHU\ PRQWKV
,'&$QRWKHUQHZVUHSRUWLQ$&0&RPPXQLFDWLRQHVWLPDWHGWKDWDERXW
H[DE\WHVRISHUVRQDOGDWDZHUHFUHDWHGHDFKGD\DQGPRUHWKDQSHWDE\WHVRIGDWD
DUH FROOHFWHG LQ HYHU\ KRXU E\:DOPDUW IURP WKHLU FXVWRPHU WUDQVDFWLRQV +\PDQ
1RZDGD\VLWLVUHIHUUHGDVWKHELJGDWDUHYROXWLRQ:LWKWKHDGYHQWRIWKHHUD
RIELJGDWDEXVLQHVV OHDGHUVDQGLQWHUGLVFLSOLQDU\UHVHDUFKHUVDUHIDFLQJLQFUHDVLQJO\
PRUHGDWDZKLFKSURYLGHVFRQVLGHUDEOHRSSRUWXQLWLHVIRULQQRYDWLRQDQGSURGXFWLYLW\
,WLPSOLHVWKDWGDWDVFLHQWLVWVLQGLYHUVHGLVFLSOLQHVDUHIDFLQJQHZFKDOOHQJHV
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Ϯ

7DNHHEXVLQHVVIRULQVWDQFH7KHJURZWKRIHFRPPHUFHPDNHVDELJYROXPH
RI RQOLQH FRQVXPHU GDWD EHLQJ JHQHUDWHG IURP WLPH WR WLPH 7PDOOFRP DQG
7DREDRFRP WZR RI &KLQD¶V ELJJHVW HFRPPHUFH VLWHV RZQHG E\ $OLEDED *URXS
SURILWHGPRUHWKDQ&1<ELOOLRQGXULQJWKHKRXUSURPRWLRQDOSHULRGLQWK1RY
,QGHHGIRU LQVWDQFHKXQGUHGVRIPRELOHSKRQHVDUHRQVDOHVZHEORJVHUYHUV
WUDFN WHQV RI WKRXVDQGV RI YLVLWV D GD\ DERXW SKRQHV PLOOLRQV RI WUDQVDFWLRQV DUH
SURFHVVHG D \HDU DQG KXQGUHGV RI UHYLHZV DUH SRVWHG HYHQ IRU D VLQJOH KRW SKRQH
1RZKRZWRDQDO\]HDELJYROXPHRIFRQVXPHUGDWDEHFRPHVDKRW WRSLFDQG WKRVH
H[SHUWVZKRVHVNLOOVHWVLQFOXGHPDQDJLQJYHU\ODUJHFRQVXPHUGDWDVHWVZLOOEHKLJKO\
GHPDQGLQJ
,QWKHSDVWLIGHVLJQHUVZDQWHGWRODXQFKDQHZPRGHOFXVWRPHUUHTXLUHPHQWV
&5VDUHFROOHFWHGIURPLQWHUYLHZVTXHVWLRQQDLUHVRUVXUYH\VZKLFKDUHRIWHQDORQJ
KDXODQG ODERULRXV1RZDGD\V ELJ FRQVXPHU RSLQLRQ GDWDDUHSHUYDVLYH LQ WZLWWHUV
EORJV DQG SURGXFW UHYLHZV ZKLFK UHYHDO FRQVXPHUV
 LQWHUHVWV 7KHVH GDWD HQDEOH
GHVLJQHUVWRREWDLQ&5VPRQLWRUWUHQGVRIFRQVXPHULQWHUHVWVDQGPDNHFRPSDULVRQV
ZLWK VLPLODU SURGXFWVZKLFK IDFLOLWDWH GHVLJQHUV WR LPSURYH WKHLU QHZ SURGXFWV DQG
UHVSRQVH WR FRQVXPHUV DFFRUGLQJO\2QH W\SLFDO FRQVXPHURSLQLRQGDWDRI6DPVXQJ
*DOD[\6,,,,LQ$PD]RQFRPLVSUHVHQWHGLQ)LJXUH
>,QVHUW)LJXUH2QHW\SLFDORQOLQHUHYLHZ@
+HQFHLWLVRIJUHDWZRUWKWRH[SORUHWKHYDOXHRIELJFRQVXPHUGDWDDQGPDNH
SURGXFWV WR IXOILOO&5V+RZHYHU FRQYHQWLRQDOPHWKRGV IRUFXVWRPHUXQGHUVWDQGLQJ
RIWHQGHDOZLWKOLPLWHGFRQVXPHUFRQFHUQV7KHVHFRQFHUQVDUHXVXDOO\FROOHFWHGLQD
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ϯ

VKRUW WLPHIURPIRUPXODWHG WDEOHVRUTXHVWLRQQDLUHVZLWKDFOHDUSXUSRVHDQGRQO\D
VPDOO QXPEHU RI FRQVXPHUV DUH FRYHUHG DQG VXJJHVWHG WR JLYH WKHLU IHHGEDFNV
1RQHWKHOHVV FRPSDUHG ZLWK FRQYHQWLRQDO FXVWRPHU VXUYH\ GDWD ELJ FRQVXPHU
RSLQLRQGDWDSUHVHQWFRQWUDVWLYHDQGGLVWLQJXLVKFKDUDFWHULVWLFV)RU LQVWDQFHDKXJH
QXPEHURIFXVWRPHURSLQLRQDUHJHQHUDWHGIURPWLPHWRWLPHLQGLIIHUHQWHFRPPHUFH
ZHEVLWHVVXFKDV$PD]RQFRPDQG7PDOOFRPDQGLQVRFLDOQHWZRUNZHEVLWHVVXFK
DV7ZLWWHUVFRPDQG:HLERFRP0RUHRYHUWKHVHFXVWRPHUHPRWLRQVDUHGLYHUVLILHGWR
SRLQWRXWSURVDQGFRQVRISURGXFWVZLWKRXWDQ\SXUSRVHIXOJXLGDQFH,WLQGXFHVWKDW
QRW DOO RI WKHVH GDWD WUDQVPLW KHOSIXO LQIRUPDWLRQ IRU FRQVXPHUV DQG GHVLJQHUV
*HQHUDOO\WKHVHFKDUDFWHULVWLFVDUHUHIHUUHGDV9ROXPH9DULHW\9HORFLW\DQG9DOXHRU
9V RI ELJ GDWD 9V VXUSDVV WKH DELOLW\ RI WKHRUHWLFDO PRGHOV ZKLFK ZHUH EXLOW
EDVHG RQ FRQYHQWLRQDO VXUYH\ GDWD$OJRULWKPV WKDW DUH GHYLVHG H[FOXVLYHO\ WR KHOS
EXVLQHVV DGPLQLVWUDWRUV UHVHDUFK HQJLQHHUV DV ZHOO DV GDWD VFLHQWLVWV WR XQGHUVWDQG
&5V HIIHFWLYHO\ DQG HIILFLHQWO\ IURP ELJ RSLQLRQ GDWD DUH FXUUHQWO\ QRW DYDLODEOH
+HQFH WKH YLVLEOH DQG VLJQLILFDQW JDSZDQWV D HODERUDWHO\ GHVLJQHG IUDPHZRUN DQG
DSSURDFKHVRQWKHH[WUDFWLRQRILQVLJKWIXOLQIRUPDWLRQIURPELJRSLQLRQGDWDIRUWKRVH
ZKRDUHGHGLFDWLQJ WR ODXQFKDQHZPRGHODQGIXOILOO&5V LQPDUNHWGULYHQSURGXFW
GHVLJQ7KHVXFFHVVRIHIIHFWLYHDQDO\VLVRQELJRSLQLRQGDWDUHTXLUHVERWKDOJRULWKPV
LQWKHILHOGRIFRPSXWHUVFLHQFHWRLGHQWLI\VHQWLPHQWDOLQIRUPDWLRQIURPWH[WXDOGDWD
DQGNQRZOHGJHLQWKHILHOGRIGHVLJQDUHDWRXQGHUVWDQG&5V,WZLOOPDNHQRGRXEWWR
EHKHOSIXOWRVROYHFULWLFDODQGSUDFWLFDOSUREOHPVLQPDUNHWGULYHQSURGXFWGHVLJQDQG
SURPRWHWKHWKHRUHWLFDOZRUNRILQWHUGLVFLSOLQDU\UHVHDUFK
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ϰ

7RILOOWKLVJDSLQWKLVUHVHDUFKDIUDPHZRUNUHJDUGLQJKRZFRQVXPHURSLQLRQ
GDWD DUH XWLOL]HG LQPDUNHWGULYHQ SURGXFW GHVLJQ LV SUHVHQWHG ,Q SDUWLFXODU RQOLQH
UHYLHZV DV RQH UHSUHVHQWDWLYH FDWHJRU\ RI FRQVXPHU RSLQLRQ GDWD DUH DQDO\]HG
)LUVWO\ UHYLHZV RI VLPLODU SURGXFWV DUH FROOHFWHG 6HQWLPHQW SRODULWLHV RI FRQVXPHUV
DUHWKHQH[WUDFWHGIURPWKHVHWH[WXDORSLQLRQGDWDE\DVXSHUYLVHGOHDUQLQJDSSURDFK
,QWKLVVXSHUYLVHGOHDUQLQJDSSURDFKSURVDQGFRQVUHYLHZVLQ&QHWFRPDUHXWLOL]HG
,W KHOSV WR LGHQWLI\ VHQWLPHQW SRODULWLHV RYHU SURGXFW IHDWXUHV 1H[W D SUREDELOLVWLF
PRGHO LVEXLOW WRPDNHFRPSDULVRQVRQVLPLODUSURGXFWV LQ WKHSURGXFWIHDWXUHOHYHO
7KLV SUREDELOLVWLF PRGHO LV XWLOL]HG WR IDFLOLWDWH GHVLJQHUV WR XQGHUVWDQG &5V
0RUHRYHU D .DOPDQ ILOWHU DSSURDFK LV HPSOR\HG WR SUHGLFW WKH WUHQGV RI SRWHQWLDO
&5V
7KHUHVWRIWKLVUHVHDUFKLVRUJDQL]HGDVIROORZV,Q6HFWLRQUHOHYDQWVWXGLHV
DUH UHYLHZHG DQG WKH VLJQLILFDQFH RI WKLV UHVHDUFK LV KLJKOLJKWHG LQ 6HFWLRQ  ,Q
6HFWLRQDIUDPHZRUNWRH[SORLWELJFRQVXPHURSLQLRQGDWDLVSUHVHQWHGDQGGHWDLOV
RI WKH SURSRVHG PRGHOV DUH H[SODLQHG ,Q 6HFWLRQ  D FDVH VWXG\ LV HODERUDWHG WR
GHPRQVWUDWH KRZ ELJ FXVWRPHU RSLQLRQ GDWD DUH XWLOL]HG E\ GHVLJQHUV WR XQGHUVWDQG
&5VLQPDUNHWGULYHQSURGXFWGHVLJQ,Q6HFWLRQWKLVUHVHDUFKLVFRQFOXGHG

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ϱ

 5(/$7(':25.
 0DUNHWDQDO\VLVIRUSURGXFWGHVLJQ
,Q WKH GHVLJQ DUHD QXPHURXVPHWKRGV DUH UHSRUWHG WR KHOS GHVLJQHUV WR XQGHUVWDQG
&5VIRUPDUNHWDQDO\VLV+RZWRLGHQWLI\&5VDQGEDODQFHWKHLULPSRUWDQFHLVWKHILUVW
FRQFHUQLQPDUNHWDQDO\VLVZKLFKLVZLGHO\VWXGLHGLQWKHUHVHDUFKILHOG
'XH WR WKH LPSUHFLVHQHVV RI &5V VRPH UHVHDUFKHUV EHJDQ WR FRSH ZLWK WKH
LQKHUHQW YDJXHQHVV )RU LQVWDQFH OLQJXLVWLF YDULDEOHV ZHUH XWLOL]HG WR UHSUHVHQW WKH
LPSUHFLVH&5V.DUVDN7KHQWKH)X]]\'HOSKL0HWKRG)'0ZDVXWLOL]HGWR
JDLQ WKH FRQVHQVXV RI FXVWRPHUV WR GHWHUPLQH WKH LPSRUWDQFH RI &5V 6LPLODUO\
OLQJXLVWLFYDULDEOHVH[SUHVVHG LQ IX]]\QXPEHUVZHUHIRXQGWREHPRUHDSSURSULDWH
IRUWKHGHVFULSWLRQVRI&5V&KHQHWDODQGDFFRUGLQJO\WKHUHODWLYHZHLJKWV
RI &5V ZHUH SURSRVHG WR EH H[SUHVVHG DV IX]]\ QXPEHUV 6RPH UHVHDUFKHUV DOVR
DUJXHGWKDWWKHWUDQVIRUPDWLRQRI&5VVKRXOGEHPDGHDVOLWWOHDVSRVVLEOHWRSUHYHQW
LQIRUPDWLRQORVV)RU WKLVSXUSRVHDQRQOLQHDUSURJUDPPLQJDSSURDFKZDVSURSRVHG
WR HVWLPDWH WKH UHODWLYH LPSRUWDQFH RI &5V ZKLFK DOORZHG FXVWRPHUV WR H[SUHVV
SUHIHUHQFHVRQWKHUHODWLYHLPSRUWDQFHRI&5VLQWKHLUIDPLOLDUIRUPDWV:DQJ
7REDODQFH WKH UHODWLYH LPSRUWDQFHRI&5VDQDO\WLFKLHUDUFK\SURFHVV $+3
LVRIWHQHPSOR\HGLQYDULRXVVWXGLHV,Q$+3VHYHUDOFDQGLGDWHVLQWKHVDPHKLHUDUFK\
DUHDQDO\]HGE\DSDLUZLVHFRPSDULVRQWKURXJKLQGLYLGXDODVVHVVPHQWVZLWKFRQFUHWH
QXPHULFDO YDOXHV 1XPHULFDO YDOXHV DUH XWLOL]HG WR UDQN SRVVLEOH FDQGLGDWHV ,Q WKH
SURGXFWGHVLJQDUHD D IX]]\$+3ZLWKDQ H[WHQWDQDO\VLVDSSURDFKZDV UHSRUWHG WR
GHWHUPLQH WKH ZHLJKWV RI &5V .ZRQJ DQG %DL  ,Q WKLV PHWKRG WULDQJXODU
Page 7 of 55
http://mc.manuscriptcentral.com/tprs  Email: ijpr@tandf.co.uk
International Journal of Production Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
ϲ

IX]]\ QXPEHUV ZHUH XWLOL]HG IRU SDLUZLVH FRPSDULVRQV RI WKH IX]]\ $+3 DQG
FRPSDULVRQVRI IX]]\ QXPEHUVZHUH FRQGXFWHG WR SULRULWL]H&5V0DQ\ UHVHDUFKHUV
DOVRXWLOL]HG.DQR¶V0RGHO WRTXDQWLI\ WKHLPSRUWDQFHRI&5V.DQR
V0RGHOVHUYHV
DVDWRROIRUWKHXQGHUVWDQGLQJRI&5VDQGWKHLULPSDFWVRQFXVWRPHUVDWLVIDFWLRQ&6
,Q.DQR¶V0RGHOGLIIHUHQW&5VDUHFDWHJRUL]HGWRPXVWEHDWWULEXWHVRQHGLPHQVLRQDO
DWWULEXWHVDWWUDFWLYHDWWULEXWHVLQGLIIHUHQFHDWWULEXWHVHWF&KHQDQG&KXDQJSUHVHQWHG
DUREXVWGHVLJQDSSURDFKWRDFKLHYHKLJKHUOHYHORIFXVWRPHUVDWLVIDFWLRQLQDHVWKHWLF
TXDOLWLHV &KHQ DQG &KXDQJ  ,Q VXFK UREXVW GHVLJQ DSSURDFK WKH *UH\
UHODWLRQDODQDO\VLVZLWKWKH7DJXFKLPHWKRGZDVSURSRVHGWRRSWLPL]HWKHVXEMHFWLYH
TXDOLW\ ZLWK PXOWLSOHFULWHULD FKDUDFWHULVWLFV 7KHQ .DQR
V0RGHO ZDV HPSOR\HG WR
EDODQFH ZHLJKWV RI PXOWLSOHFULWHULD WR IDFLOLWDWH GHVLJQHUV LQ XQGHUVWDQGLQJ RI WKH
UHODWLRQVKLSEHWZHHQSHUIRUPDQFHFULWHULDDQGFXVWRPHUVDWLVIDFWLRQ,QWKHSURFHVVWR
GHFLGHWKHZHLJKWVRIPXOWLSOHFULWHULDVRPHVWXGLHVDSSOLHGUHJUHVVLRQPHWKRGVZLWK
GXPP\YDULDEOHVWRUHFRJQL]HFULWLFDODWWULEXWHV+RZHYHUVXFKNLQGRIPHWKRGVZHUH
DUJXHG WRSRWHQWLDOO\ OHDG WRDQ LQDFFXUDWHFODVVLILFDWLRQRIPXOWLSOHFULWHULD LQ VRPH
VSHFLILF FRQGLWLRQ /LQ HW DO  +HQFH D PRGHUDWHG UHJUHVVLRQ DSSURDFK ZDV
VXJJHVWHGWRLPSURYHWKHSHUIRUPDQFHRIWKHGXPP\UHJUHVVLRQPHWKRGZLWKGXPP\
YDULDEOHVLQRUGHUWRREWDLQDPRUHDFFXUDWHDWWULEXWHFODVVLILFDWLRQ
:LWKGLIIHUHQWPHWKRGV LQFOXGLQJ WKH URXJKVHW WKHRU\ WKHVFDOHPHWKRGDQG
.DQR¶VPRGHO$+3ZDVUHSRUWHGWREHXWLOL]HGLQDQLQWHJUDWHGDSSURDFKWRHVWLPDWH
WKH LPSRUWDQFHRI&5V /LHW DO7KH LPSRUWDQFHRI&5VZDVGHWHUPLQHGE\
WKUHHVWHSV)LUVWWKHLQLWLDOLPSRUWDQFHRI&5VZDVGHFLGHGDFFRUGLQJWRWKHUHODWLYH
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ϳ

SRVLWLYH ILHOG LQ URXJK VHW 1H[W WKH UDWLR RI &6 WR D &5 ZDV FDOFXODWHG E\ WKH
LQWHJUDWLRQRIVFDOHPHWKRGDQG$+3)LQDOO\ WKH LPSRUWDQFHRI&6ZDVGHFLGHGE\
WKHLQLWLDOLPSRUWDQFHRI&5VWKHUDWLRRI&6WRD&5DQGLWVVDOHVSRLQW5HFHQWO\D
UDWLQJPHWKRG IRU FXVWRPHU SUHIHUHQFHV DQGD UDWLQJPHWKRG IRU&6ZHUHGHVFULEHG
1DKP HW DO  7KH UDWLQJ PHWKRG IRU FXVWRPHU SUHIHUHQFH DLPV WR SURYLGH
UHODWLYHLPSRUWDQFHRI&5VDQGRXWSXWVDSDUWLDORUGHULQJRI&5V7KHUDWLQJPHWKRG
IRU&6VXJJHVWVWKH&5SULRULW\DFFRUGLQJWRFRPSHWLWLYHEHQFKPDUNLQJDQDO\VLV

 $QDO\]LQJFRQVXPHUUHTXLUHPHQWVIRU4)'
,Q WKH UHVHDUFK ILHOG RI&5DQDO\VLV RQHRI WKHPRVW IDPRXV DSSURDFKHV LV4XDOLW\
)XQFWLRQ 'HSOR\PHQW 4)' $NDR  4)' LV FRPPRQO\ XVHG LQ FRQFHSWXDO
GHVLJQ SURFHVV SODQQLQJ SURMHFW PDQDJHPHQW HWF &KDQ DQG :X  :LWK D
SODQQLQJPDWUL[4)'OLQNV&5VWRHQJLQHHULQJFKDUDFWHULVWLFV(&VDQGHYHQWXDOO\
RXWSXWVWKHYDOXHVRI(&V
+RZ WR EDODQFH WKH LPSRUWDQFH RI &5V LV RIWHQ UHJDUGHG DV RQH HVVHQWLDO
SUREOHP LQ 4)' VLQFH LW DIIHFWV WKH VHOHFWLRQ RI WKH ILQDO WDUJHW YDOXH RI (&V $
IUDPHZRUNWKDWLQFRUSRUDWHVIX]]\VHWDQG$+3ZDVVKRZQWRSULRULWL]H&5VLQWDUJHW
SODQQLQJ IRU 4)' 1HSDO <DGDY DQG 0XUDW  7KHQ DQ H[DPSOH IURP
DXWRPRWLYH SURGXFW GHYHORSPHQW ZDV LOOXVWUDWHG WR YHULI\ WKH DYDLODELOLW\ RI WKLV
IUDPHZRUN ,Q WKLV H[DPSOH DOLJQPHQWV ZLWK EXVLQHVV VWUDWHJLHV SURGXFW
LPSURYHPHQWRSSRUWXQLWLHVDQGILQDQFLDOFRQVLGHUDWLRQVDUH LQFOXGHGDQG WKHVH WKUHH
FULWHULDDUH IXUWKHUGLYLGHG WR&5DWWULEXWHV:LWK WKHSURSRVHGIUDPHZRUN WKHVH
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ϴ

DWWULEXWHVDUHSULRULWL]HG6RPH UHVHDUFKHUVDOVRDUJXHG WKDW WKHGHWHUPLQDWLRQRI WKH
LPSRUWDQFH RI&5V VKRXOG FRQVLGHU QRW RQO\ WKH GHJUHH RI &5 IXOILOOPHQW EXW DOVR
FRPSHWLWLYH SURGXFWV /DL HW DO  7KH\ SURSRVHG D PHWKRG WKDW FRQVLGHULQJ
FRPSHWLWLYHSURGXFWVFXUUHQWSHUIRUPDQFHRIWKHSURGXFWDQGFXVWRPHUVDWLVIDFWLRQWR
GHWHUPLQHWKHLPSRUWDQFHRI&5V/DWHUWKLVPHWKRGZDVDSSOLHGWRKHOSGHVLJQHUVWR
GHFLGH WKH ILQDO WDUJHW YDOXH RI (&V LQ 4)' $Q DGDSWLYH QHXURIX]]\ LQIHUHQFH
V\VWHPLVSURSRVHGWRJHQHUDWH&6PRGHOVIRU4)'.ZRQJ:RQJDQG&KDQ
)LUVW IX]]\ UXOHVZHUH JHQHUDWHG EDVHG RQ WKHPDUNHW VXUYH\ GDWD1H[W LPSRUWDQW
IX]]\UXOHVDQGWKHFRUUHVSRQGLQJLQWHUQDOPRGHOVZHUHH[WUDFWHGE\FRQVLGHULQJWKH
GHWHUPLQDWLRQ RI WKH DFWLYH UDQJH DQG DFWLYH PHPEHUVKLS IXQFWLRQ IRU HDFK IX]]\
YDULDEOH)LQDOO\DQRQOLQHDUDQGH[SOLFLW&6PRGHOVZDVLQIHUUHGE\WKHZHLJKWVLQ
WKHV\VWHP
7KHUH DUH DOVR UHVHDUFK VWXGLHV WR LQYHVWLJDWH KRZ WR GHWHUPLQH WKH WDUJHW
YDOXHV RI (&V IRU4)'$ GHFLVLRQPRGHO IRU URERW VHOHFWLRQZDV LQWURGXFHG E\ D
IX]]\ OLQHDU UHJUHVVLRQ DQG 4)' .DUVDN  7KH IX]]\ OLQHDU UHJUHVVLRQ ZDV
XWLOL]HG WR GHFLGH WDUJHW YDOXHV RI (&V ZKHQ XQFHUWDLQ &5V DUH SUHVHQWHG DQG
LPSUHFLVH UHODWLRQVKLS EHWZHHQ (&V DUH IRXQG LQ 4)' 6LPLODUO\ D IX]]\ OLQHDU
UHJUHVVLRQ 4)' DQG ]HUR±RQH JRDO SURJUDPPLQJ ZHUH XWLOL]HG WR GHFLGH ZKLFK
(QWHUSULVH UHVRXUFH SODQQLQJ (53 V\VWHP VDWLVI\V&5V RI FRPSDQLHV .DUVDN DQG
2]RJXO,QWKLVPHWKRG4)'PDGHGHFLVLRQPDNHUVFRQVLGHU WKHUHODWLRQVKLS
EHWZHHQ&5VRIFRPSDQLHVDQGWKHFKDUDFWHULVWLFVRI(&VDVZHOODVWKHLQWHUDFWLRQV
RI FKDUDFWHULVWLFV EHWZHHQ (53 V\VWHP +RZHYHU LQ WKHVH DSSURDFKHV WKH VLQJOH
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ϵ

REMHFWLYH LV WR PD[LPL]H &6 $ IUDPHZRUN ZDV WKHQ SURSRVHG WR GHWHUPLQH WDUJHW
YDOXHV RI (&V IRU 4)' E\ D IX]]\ OLQHDU UHJUHVVLRQ DQG IX]]\ PXOWLSOH REMHFWLYH
SURJUDPPLQJ 6HQHUDQG.DUVDN7KHIX]]\ OLQHDU UHJUHVVLRQZDV WR ILQG WKH
IXQFWLRQDOUHODWLRQVEHWZHHQ&5VDQG(&VDQGDPRQJ(&V)X]]\PXOWLSOHREMHFWLYH
SURJUDPPLQJZDV IRUPXODWHG WRGHFLGH WKHYDOXHVRI(&VE\PD[LPL]LQJ&6XQGHU
EXGJHW FRQVWUDLQWV$W WKH VDPH WLPH RWKHU REMHFWLYHV VXFK DV WHFKQLFDO GLIILFXOWLHV
DQG H[WHQGLELOLW\ RI (&V ZHUH FRQVLGHUHG LQ WKLV IX]]\ PXOWLSOH REMHFWLYH
SURJUDPPLQJ
7REDODQFH&6DQGWKHGHYHORSPHQWFRVWDIX]]\PXOWLREMHFWLYHPHWKRGZDV
SURSRVHG IRU XQFHUWDLQ DQG YDJXH &5V 0X HW DO  ,Q WKLV PHWKRG .DQR¶V
0RGHOZDVFRPELQHG LQWR4)'ZLWK WKHFRQVLGHUDWLRQRI WKH LQKHUHQW YDJXHQHVVRI
&5V DVZHOO DV WKH QRQOLQHDU UHODWLRQVKLS EHWZHHQ&5V DQG(&V6RPH UHVHDUFKHUV
DOVR IRXQG WKDW FRQVXPHUV WHQG WR JLYH D KLJKHU LPSRUWDQFH OHYHO WR EDVLF &5V
7RQWLQL  $FFRUGLQJO\ DPRGHO WKDW FRPELQHG.DQR¶V0RGHO LQWR4)'ZDV
SURSRVHG WR DGMXVW WKH LPSRUWDQFH RI&5V 6RPH RWKHUV GHYHORSHG D VLPLODUPRGHO
WKDW FRPELQHG .DQR¶V 0RGHO LQWR 4)' 6LUHOL  %XW LW ZDV XWLOL]HG LQ WKH
VFHQDULRRIVLPXOWDQHRXVPXOWLSOHSURGXFWGHVLJQWRXQGHUVWDQG&5VDQGEDODQFHWKH
LPSRUWDQFHRI&5V7KHLQWHJUDWLRQRI.DQR¶V0RGHOZLWK4)'ZDVDOVRXWLOL]HG WR
PRQLWRUWKHG\QDPLFFKDQJHVRI&5V5DKDUMRHWDO,QWKHLUUHVHDUFK.DQR¶V
0RGHOZDVWRLGHQWLI\KRZIDVWDFHUWDLQ.DQR¶VFDWHJRU\FKDQJHVRYHUWLPHDQGKRZ
WR LPSURYH WKH FXUUHQWPRGHO WRPHHW SUREDEOH IXWXUH&5V:LWK WKH LQWHJUDWLRQ RI
.DQR¶V0RGHOZLWK4)'WKHLPSRUWDQFHRI&5VZDVDGMXVWHGG\QDPLFDOO\+RZHYHU
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ϭϬ

VRPHWLPHV&5VDUHG\QDPLFDQGWKH\ZLOOFKDQJHDORQJWKHWLPH7RFDSWXUHWKHIDVW
FKDQJHVRI&5VWKHJUH\WKHRU\ZDVVHHQWRFRPELQHZLWK4)':X/LDRDQG:DQJ
:LWKWKDWPRGHOWKHLPSRUWDQFHRI&5VZDVPRQLWRUHGWRIXOILOOG\QDPLFDQG
IXWXUH&5V)URPDSUREDELOLVWLFYLHZSRLQWD0DUNRYFKDLQPRGHOZDVDOVRUHSRUWHG
WRDQDO\]HWKHIDVWFKDQJHVRI&5V:XDQG6KLHK

 7+($55,9$/2)%,*&21680(523,1,21'$7$
,Q WKH FRPLQJ HUD RI ELJ GDWD D SDUDGLJP VKLIW LV REVHUYHG LQ VFLHQWLILF UHVHDUFK
PHWKRGV ZKLFK PHDQV WKDW GDWD VFLHQWLVWV LQ GLIIHUHQW GLVFLSOLQHV DUH IDFLQJ QHZ
FKDOOHQJHV,Q$&04XHXH-DFRERVSRLQWHGRXWVHYHUDOSUREOHPVZLWKWKHDQDO\VLVRI
ELJ GDWD -DFREV  LQFOXGLQJ WKH LQDELOLW\ RI PDQ\ RIIWKHVKHOI SDFNDJHV WR
VFDOH WR ODUJH SUREOHPV WKH SDUDPRXQW LPSRUWDQFH RI DYRLGLQJ VXERSWLPDO DFFHVV
SDWWHUQV DV WKH EXON RI SURFHVVLQJ PRYHV GRZQ WKH VWRUDJH KLHUDUFK\ DQG
UHSOLFDWLRQRIGDWDIRUVWRUDJHDQGHIILFLHQF\LQGLVWULEXWHGSURFHVVLQJDQGGHILQHG
WKHELJGDWDDVGDWDZKRVHVL]HIRUFHVXVWRORRNEH\RQGWKHWULHGDQGWUXHPHWKRGV
WKDWDUHSUHYDOHQWDWWKDWWLPH)RUWKHDUULYDORIELJGDWDVRPHUHVHDUFKHUVEHJDQWR
GHVFULEHKRZFKDQJHVZLOO LQIOXHQFH LQIRUPDWLRQ V\VWHPDQGVRFLDO VFLHQFH UHVHDUFK
&KDQJ HW DO  RU VWDUWHG WR EXLOG D FRQFHSWXDO IUDPHZRUN IRU VHUYLFHRULHQWHG
GHFLVLRQVXSSRUWV\VWHP'HPLUNDQDQG'HOHQ
,WLVDOVRQRWLFHGWKDWDELJYROXPHRISXEOLFFRQVXPHUFRQFHUQVDUHREVHUYHG
LQ$PD]RQFRP7ZLWWHUFRP&QHWFRPHWF0RVWRIWKHPDUHSUHVHQWHGLQWKHIRUP
RIQDWXUDOWH[WXDOODQJXDJH9DOXDEOHLQIRUPDWLRQDERXWFXVWRPHUSUDLVHVDQGFRQFHUQV
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ϭϭ

DUHSURYLGHGLQWKHVHWH[WXDOGDWDZKLFKKHOSVSRWHQWLDOFXVWRPHUVWRPDNHSXUFKDVH
GHFLVLRQVRUIDFLOLWDWHGHVLJQHUVWRLPSURYHWKHLUSURGXFWVRUVHUYLFHV*HQHUDOO\WKHVH
KHOSIXOFRQFHUQVDUHQDPHGDVELJFRQVXPHURSLQLRQGDWD
7KH IDVW GHYHORSPHQW RI LQIRUPDWLRQ WHFKQRORJ\ ,7 DQG LQIRUPDWLRQ
FRPPXQLFDWLRQWHFKQRORJ\,&7PDNHVELJFRQVXPHURSLQLRQGDWDZLGHO\DYDLODEOH
LQPDQ\HFRPPHUFHZHEVLWHV VRFLDOQHWZRUNVSURIHVVLRQDO UHYLHZVLWHVHWF6RPH
PD\ FRQWDLQ WKRXVDQGV RI ZRUGV ZLWK HODERUDWHG XVHU H[SHULHQFHV DQG DIIOXHQW
SHUVRQDO IHHOLQJ RQ SURGXFWV 6RPH DUH RQO\ D IHZ VHQWHQFHV EXW LQVLJKWIXO XVHU
FRPPHQWV DQG FULWLFDO DQDO\VLVPD\ EH RIIHUHG*UDVS WKH JURXQG WUXWKPHDQLQJ RI
FXVWRPHUIHHGEDFNHIIHFWLYHO\ZLOOHQDEOHSURGXFWGHVLJQHUVWRXQGHUVWDQGFRQVXPHUV
LQ D ILQHU JUDQXODULW\ $V QRWHG LQ WKH SUHYLRXV VHFWLRQ PDQ\ DSSURDFKHV DUH
LQQRYDWHGWRFRQGXFWPDUNHWDQDO\VLVDQGDQDO\]H&5VIRUSURGXFWGHVLJQ+RZHYHU
QHDUO\DOORIWKHPDUHEDVHGRQDVPDOOQXPEHURIFRQYHQWLRQDOFXVWRPHUVXUYH\GDWD
&RPSDUHG ZLWK FRQYHQWLRQDO VXUYH\ GDWD ELJ FRQVXPHU RSLQLRQ GDWD KDYH VRPH
GLVWLQFWLYH FKDUDFWHULVWLFV )LUVW D KXJH QXPEHU RI FRQVXPHU RSLQLRQ GDWD FDQ EH
HDVLO\REWDLQHGZLWKRXWFRQGXFWLQJODERULRXVVXUYH\$OVRFRQVXPHURSLQLRQGDWDDUH
JHQHUDWHGDQGGLIIXVHGLQGLIIHUHQWVLWHVPDQ\RIZKLFKKDYHWKHLURZQVWUXFWXUHVDQG
HQFRXUDJHFRQVXPHUV WRSRVW WKHLUFRPPHQWV0RUHRYHU WKHVHGDWDDUHVXEPLWWHG LQ
GLIIHUHQW VLWHV IURP WLPH WR WLPH ,WPDNHVDGLIILFXOW WDVN WRFROOHFW DOO RI WKHP OLNH
ZKDW DUH DOZD\V FODLPHG LQ FRQYHQWLRQDO VXUYH\V ,Q DGGLWLRQ RQO\ D IHZ RI WKHP
FRQWDLQ VXIILFLHQW LQIRUPDWLRQ IRU SRWHQWLDO FRQVXPHUV DQG SURGXFW GHVLJQHUV
DOWKRXJK D ODUJH QXPEHU RI WKHP DUH DYDLODEOH VLQFH WKH TXDOLW\ RI GDWD LV RIWHQ
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ϭϮ

LQYHUVHO\UHODWHGZLWKWKHVL]HRIWKHFRPPXQLW\2WWHUEDFKHU)RXUUHPDUNDEOH
FKDUDFWHULVWLFVZKLFK DUH XVXDOO\ UHIHUUHG DV 9V RI ELJ GDWD VXUSDVV WKH DELOLW\ RI
PDQ\DSSURDFKHVIRUVXUYH\GDWDWRKDQGOHELJFRQVXPHURSLQLRQGDWDDQGLWLPSRVHV
FULWLFDOUHVHDUFKFKDOOHQJHVWRGHVLJQHUVWRH[SORLWWKHYDOXH
(IILFLHQWO\ PDNLQJ XVH RI ELJ FRQVXPHU RSLQLRQ GDWD KHOSV GHVLJQHUV WR
LGHQWLI\ FXVWRPHU EHKDYLRU XQGHUVWDQG FXVWRPHU SUHIHUHQFHV VHQVH FXVWRPHU
UHVSRQVHV WUDFN WKH WUHQG RI SURGXFWZKLFKZLOO XQGRXEWHGO\PDNH WKH EXVLQHVV WR
JDLQ FRPSHWLWLYH DGYDQWDJHV LQ WKH ILHUFHO\ FRPSHWLWLYHPDUNHW +RZHYHU LQ PDQ\
VWDWHRIWKHDUW VWXGLHV IHZ UHVHDUFKHUV RXWOLQH D FOHDU EOXHSULQW WR WDNH WKH JUHDW
DGYDQWDJHRIELJFRQVXPHUGDWDIRUSURGXFWGHVLJQZKLFKLQFOXGHWKHNQRZOHGJH LQ
FRPSXWHU VFLHQFH WR KDQGOH ELJ GDWD DQG WKH H[SHULHQFHV LQ SURGXFW GHVLJQ WR
XQGHUVWDQG&5V 
+HQFH DQDO\WLFDO PHWKRGV LQ GLIIHUHQW UHVHDUFK DUHDV DUH ZHOFRPH WR EH
LQYROYHGWRDQDO\]HWKHELJFRQVXPHURSLQLRQGDWDVXFKDVDOJRULWKPVDQGPRGHOVLQ
LQIRUPDWLRQPDQDJHPHQWDQGFRPSXWHUVFLHQFHGRPDLQNQRZOHGJHLQSURGXFWGHVLJQ
PDWHULDODQGPDQXIDFWXULQJHWF

 5(6($5&+0(7+2'2/2*<
 $IUDPHZRUNWRH[SORLWELJFRQVXPHURSLQLRQGDWD
7RSUHVHQWKRZELJFRQVXPHURSLQLRQGDWDFDQEHH[SORLWHGIRUPDUNHWGULYHQSURGXFW
GHVLJQDIUDPHZRUNLVVKRZQLQFRQVLGHUDWLRQRIWKHIRXUGLVWLQFWFKDUDFWHULVWLFV
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ϭϯ

$VVKRZQLQ)LJXUHLQWKLVIUDPHZRUNLWVWDUWVIURPFUDZOLQJDELJYROXPH
RIFRQVXPHUGDWD+RZHYHUELJFRQVXPHURSLQLRQGDWDFDQEHIRXQGLQDYDULHW\RI
KRWZHEVLWHVVXFKDV7ZLWWHUFRP$PD]RQFRP&QHWFRPHWF+HQFHGLIIHUHQWZHE
SDUVHUVIRUVRFLDOQHWZRUNZHEVLWHVHFRPPHUFHZHEVLWHVDQGUHYLHZVLWHVVKRXOGEH
GHVLJQHGWRH[WUDFWVXFKRSLQLRQGDWD3DUWRI6SHHFK326WDJJLQJLVWKHQFRQGXFWHG
RQELJFRQVXPHURSLQLRQGDWDVLQFHFRQVXPHUVWHQGWRXWLOL]HQRXQVRUQRXQSKUDVHV
WR UHIHU WR SURGXFW IHDWXUHV DQG DGMHFWLYH RU DGYHUEV IRU VHQWLPHQW SRODULWLHV 1H[W
SURGXFW IHDWXUHVDQGFXVWRPHUVHQWLPHQWVDUH LGHQWLILHGIURPFRQVXPHURSLQLRQGDWD
ZLWKWKHKHOSRIPDQ\ODWHVWLQQRYDWHGDOJRULWKPVLQRSLQLRQPLQLQJ
>,QVHUW)LJXUH$IUDPHZRUNRIH[SORWLQJELJFRQVXPHURSLQLRQGDWD@
,Q RXU SUHYLRXV ZRUN WKH KHOSIXOQHVV RI RQOLQH FRQVXPHU RSLQLRQ GDWD DQG
ZKDWPDNHVWKHPPRUHKHOSIXODUHDQDO\]HGIURPWKHSHUVSHFWLYHRIGHVLJQHUV/LXHW
DO  7KH REMHFWLYH LV WR FRSHZLWK WKH SUREOHP RI YDOXH VSDUVHQHVV LQ RQOLQH
FRQVXPHURSLQLRQGDWDDQGWRKHOSSURGXFWGHVLJQHUVWRHYDOXDWHDQGSUHGLFWWKHYDOXH
RI WKHVHGDWD LQ WKHYLHZSRLQWRIGRPDLQXVHUV%DVHGRQ WKLVDSSURDFKD UHODWLYHO\
VPDOOQXPEHURIRQOLQHFRQVXPHURSLQLRQGDWDDUHDYDLODEOHDQGLWIDFLOLWLHVSURGXFW
GHVLJQHUVWREHDEOHWRXWLOL]HKLJKTXDOLW\GDWD
+RZHYHU &5V PD\ FKDQJH DORQJ WKH WLPH (IIHFWLYH DQDO\VLV RI RQOLQH
FXVWRPHU RSLQLRQ GDWD PDNHV LW SRVVLEOH WR VHQVH WKH FKDQJHV RI &5V DQG DYRLG
WLPHFRQVXPLQJ UHSHWLWLYH VXUYH\V LQ FRQYHQWLRQDO PHWKRGV 0RUHRYHU DQDO\]LQJ
RQOLQHFXVWRPHURSLQLRQGDWDDOVRSURPRWHVEXVLQHVVSURIHVVLRQDOV WR LQYHVWLJDWH WKH
UHTXLUHPHQWVRIFRQVXPHUVDERXWFRPSHWLWLYHSURGXFWVLQWKHILHUFHPDUNHW+HQFHLQ
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ϭϰ

WKLVUHVHDUFKVRPHDSSURDFKHVUHJDUGLQJWKHUHFRJQLWLRQRIWKHWUHQGVRI&5VDQGWKH
FRPSDULVRQV RI &5V RQ VLPLODU SURGXFWV DUH VXJJHVWHG WR VKRZ KRZ ELJ FRQVXPHU
RSLQLRQ GDWD FDQ EH H[SORLWHG IRU PDUNHWGULYHQ GHVLJQ 6SHFLDOO\ LQ WKLV UHVHDUFK
RQOLQH UHYLHZVDVRQH LPSRUWDQW W\SHRIELJFRQVXPHURSLQLRQGDWDDUH WDNHQDVDQ
H[DPSOHDQGWHFKQLFDOGHWDLOVDERXWKRZRQOLQHUHYLHZVDUHDQDO\]HGLQWHOOLJHQWO\ZLOO
EH HODERUDWHG LQ WKLV VHFWLRQ ,QGHHG WKHUH H[LVW RWKHU IRUPV RI ELJ FRQVXPHU GDWD
VXFK DV WZLWWHUV WKUHDGV LQ %%6 EORJV HWF %XW WKH WHFKQLTXHV H[SODLQHG LQ WKLV
VHFWLRQFDQEHPRGLILHGDQGDSSOLHGWRDQDO\]HWKRVHW\SHRIELJFRQVXPHUGDWD

 3URGXFWIHDWXUHLGHQWLILFDWLRQ
2QHRIWKHILUVWWDVNVWRDQDO\]HRQOLQHUHYLHZVLVWKHLGHQWLILFDWLRQRIZKLFKSURGXFW
IHDWXUHVDUHPHQWLRQHGE\FRQVXPHUV'LIIHUHQWPRGHOVIRU WKHH[WUDFWLRQRISURGXFW
IHDWXUHV IURP RQOLQH UHYLHZV DUH UHSRUWHG 6RPH DUH EXLOW RQ WKH WHFKQLTXHV RI WKH
WRSLF PRGHO %XW WKH\ DUH QRW DEOH WR EH DSSOLHG GLUHFWO\ GXH WR WKH HIILFLHQF\ WR
DQDO\]H D ELJ YROXPH RI FRQVXPHU GDWD 0DQ\ PHWKRGV WKDW EDVHG RQ PDQXDOO\
ODEHOHG FRUSXV DUH DOVR QRW DSSOLFDEOH VLQFH WKH GLIILFXOW\ RI REWDLQLQJ VXIILFLHQW
WUDLQLQJGDWD,QFRQVLGHUDWLRQRIWKHDIRUHPHQWLRQHGDUJXPHQWVLQWKLVUHVHDUFKZLWK
WKHKHOSRI:RUG1HWSURGXFWIHDWXUHVDUHH[WUDFWHGIURPSURVDQGFRQVUHYLHZV
$VSRLQWHGRXWE\YDULRXVVWXGLHVSURGXFWIHDWXUHVDUHXVXDOO\QRXQVRUQRXQ
SKUDVHV 7KXV QRXQV DUH ILUVWO\ H[WUDFWHG ,Q WKLV UHVHDUFK WKH 6WDQIRUG SDUVHU D
VWDWLVWLFDO326WDJJLQJWRROLVXWLOL]HGWRREWDLQQRXQVIURPUHYLHZVDQGWKHVHQRXQV
DUH UHJDUGHGDVFDQGLGDWHVRI SURGXFW IHDWXUHV+RZHYHU WKHUHH[LVWPDQ\QRLVHV LQ
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ϭϱ

WKHVH FDQGLGDWHV ZKLFK PHDQV PDQ\ QRXQV DUH QRW SURGXFW IHDWXUHV 7R ILOWHU RXW
QRLVHVDQGLGHQWLI\SURGXFWIHDWXUHVSURVDQGFRQVUHYLHZVDUHXWLOL]HG$QH[HPSODU\
SURVDQGFRQVUHYLHZRI6DPVXQJ*DOD[\LLQ&QHWFRPLVLOOXVWUDWHGLQ)LJXUH
>,QVHUW)LJXUH2QHW\SLFDOSURVDQGFRQVUHYLHZ@
$VVHHQIURP)LJXUHSURVDQGFRQVRIWKLVSURGXFWDUHPHQWLRQHGH[SOLFLWO\
$OVR SURV DQG FRQV DUH REVHUYHG WR EH GHVFULEHG E\ QRXQV RU QRXQ SKUDVHV
$FFRUGLQJO\IUHTXHQWQRXQVLQSURVDQGFRQVUHYLHZVDUHHPSOR\HGDVVHHGZRUGVWR
LGHQWLI\ SURGXFW IHDWXUHV IURP FRQVXPHU RSLQLRQ GDWD 0RUHRYHU LQ WKLV WDVN VWRS
ZRUGV DQG D OLPLWHG VPDOO QXPEHU RI PDQXDOO\ GHILQHG VWRS ZRUGV LQ D VSHFLILF
SURGXFWGRPDLQDUHUHPRYHGIURPSURGXFWIHDWXUHFDQGLGDWHV
+RZHYHU GLIIHUHQW QRXQV DUH XWLOL]HG WR GHVFULEH WKH VDPH SURGXFW IHDWXUHV
)RU LQVWDQFHV PHPRU\  UDP DQG VWRUDJH DUH DOO XWLOL]HG E\ FRQVXPHUV WR
GHVFULEH WKHPHPRU\ RIPRELOH SKRQHV$QRWKHU FDVH LV WKDW DSS DSSOLFDWLRQV
DSSV DQG DSSOLFDWLRQV PD\ RFFXU WR UHIHU WR DSSOLFDWLRQV RI PRELOH SKRQHV $
VLQJOHZRUG VXFKDVDSSPD\EHDQ LQIUHTXHQWQRXQ ,I VXFKFDVH LVQHJOHFWHG LW
ZLOOOHDGWRSUREDEOHLQDFFXUDF\LQWKHLGHQWLILFDWLRQRISURGXFWIHDWXUH7KXVDQRWKHU
UHOHYDQWWDVNLVWRFOXVWHUVHPDQWLFDOO\VLPLODUZRUGVWRJHWKHU
,Q WKH ILUVW VWHS QRXQV DUH VWHPPHGE\ WKH3OLQJ6WHPPHU D WRRO WR VWHPDQ
(QJOLVKQRXQWRLWVVLQJXODUIRUP7KHQWKHVHPDQWLFVLPLODULW\RIZRUGVLVFDOFXODWHG
)RU VXFK SXUSRVH GLIIHUHQWPHWKRGV FDQEHXVHG WRHYDOXDWH WKH VLPLODULW\EHWZHHQ
ZRUGV,QWKLVUHVHDUFKRQHLPSRUWDQWVRXUFH:RUG1HWLVXWLOL]HG:RUG1HWLVDODUJH
OH[LFDO GDWDEDVH RI (QJOLVK 1RXQV YHUEV DGMHFWLYHV DQG DGYHUEV DUH JURXSHG LQWR
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ϭϲ

VHWV RI FRJQLWLYH V\QRQ\PV V\QVHWV HDFK RI ZKLFK H[SUHVVHV D GLVWLQFW FRQFHSW
6\QVHWVDUHLQWHUOLQNHGE\PHDQVRIFRQFHSWXDOVHPDQWLFDQGOH[LFDOUHODWLRQV,QWKLV
UHVHDUFKZRUGV WKDWRFFXU LQ WKH VDPH:RUG1HW V\QVHW DUH UHJDUGHG WREH VHPDQWLF
VLPLODU
,Q SDUWLFXODU GLIIHUHQW :RUG1HW V\QVHWV RI WKH VDPH ZRUG ZLWK GLYHUVH
PHDQLQJVDQGWKHVDPH:RUG1HWV\QVHWRIGLIIHUHQWZRUGVZLWKWKHVDPHPHDQLQJDUH
XWLOL]HG7KHDERYHDVVXPSWLRQUHVXOWVLQDVHPDQWLFZRUGJUDSKLQZKLFKQRGHVDUH
ZRUGVZLWK326WDJVLQ:RUG1HWDQGHGJHVGHQRWHWKHFRQQHFWLRQEHWZHHQHDFKSDLU
RIV\QRQ\PRXVZRUGV1RWLFHWKDWQRGHVDUHZRUGVZLWK326WDJVUDWKHUWKDQZRUGV
WKHPVHOYHVVLQFH326WDJVFRQWULEXWHVWRLGHQWLI\V\QVHWVZLWKWKHVDPH326%HVLGHV
:RUG1HWV\QVHWLQWKLVUHVHDUFKRWKHUUHODWLRQVLQ:RUG1HWDUHDOVRXWLOL]HGWRGHILQH
WKHJUDSKVXFKDVWKHVLPLODUWRDQGWKHUHODWHG:RUG1HWV\QVHWV
7KH :RUG1HW GLVWDQFH LV WKHQ GHILQHG DV WKH OHQJWK RI WKH VKRUWHVW SDWK
EHWZHHQ WZRZRUGV LQ WKH JUDSK7KH GLVWDQFH LV XWLOL]HG WR FDOFXODWH WKH VLPLODULW\
EHWZHHQWZRSURGXFWIHDWXUHV,IWZRIHDWXUHVRFFXULQWKHVDPHV\QVHWWKH:RUG1HW
GLVWDQFHLVGHILQHGDV6LPLODUO\LIWZRIHDWXUHVDUHFRQQHFWHGE\RQHVDPHZRUG
WKH :RUG1HW GLVWDQFH LV GHILQHG DV  HWF )RU H[DPSOH WKH :RUG1HW GLVWDQFH
EHWZHHQ DXGLR DQG KHDGSKRQH LV  VLQFH WKH\ DUH VHTXHQWLDOO\ FRQQHFWHG E\
VRXQGDQGSKRQHLQ:RUG1HW,QDGGLWLRQVRPHZRUGVDUHIUHTXHQWO\XWLOL]HGZLWK
D VKRUW IRUPZKLFKPDNHV WKHDERYHDSSURDFKXQDEOH WR ILQG WKHVKRUWHVWSDWK)RU
LQVWDQFH DSSV YV DSSOLFDWLRQV DQG ZLIL YV ZLUHOHVV QHWZRUN IUHTXHQWO\
DSSHDU LQ HOHFWURQLF SURGXFW UHYLHZV 7KHQ GLVWDQFHV IRU ERWK WZR H[DPSOHV DUH
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ϭϳ

PDQXDOO\ GHILQHG DV  $FFRUGLQJO\ WKH :RUG1HW GLVWDQFH EHWZHHQ DOO SDLUV RI
SURGXFWIHDWXUHVFDQEHFDOFXODWHG1RZLIWKHGLVWDQFHEHWZHHQWZRSURGXFWIHDWXUHV
LV VPDOOHU WKDQ D WKUHVKROG WKH\ DUH FOXVWHUHG WRJHWKHU ZKLFK PHDQV WZR IHDWXUHV
LPSO\ FRPSDUDEOHPHDQLQJV $FFRUGLQJO\ ZLWK WKH UHPRYDO RI WKH FRQWH[WXDO VWRS
ZRUG SKRQH WKH H[HPSODU\ ZRUG FOXVWHU EHFRPHV DXGLR KHDGSKRQHV VRXQG
)LQDOO\ JLYHQ IHDWXUH ZRUG FOXVWHUV WKRVH FOXVWHUV ZLWK ORZ IUHTXHQF\ DUH SUXQHG
IURPIHDWXUHFDQGLGDWHV

 6HQWLPHQWDQDO\VLV
$IWHUSURGXFWIHDWXUHVDUHLGHQWLILHGIURPRSLQLRQGDWDZLWKWKHKHOSRI:RUG1HWDQG
SURVDQGFRQVUHYLHZVWKHQH[WWDVNLVWRDQDO\]HFRUUHVSRQGLQJVHQWLPHQWSRODULWLHV
1RWLFHWKDWLQSURVDQGFRQVUHYLHZVVHQWLPHQWSRODULWLHVLQWKHIHDWXUHOHYHO
DUHSUHVHQWHG7DNHWKHSURVDQGFRQVUHYLHZLQ)LJXUHIRULQVWDQFH7KLVFRQVXPHU
LVVDWLVILHGZLWKWKHLPDJHTXDOLW\DQGLQQRYDWLYHIHDWXUHVEXWQRWZLWKWKHEDWWHU\OLIH
DQG VRIWZDUH VWDELOLW\ 7DNHQ WKLV LQIRUPDWLRQ LQWR FRQVLGHUDWLRQ LQ WKLV UHVHDUFK D
WZRVWHSPHWKRGLVSURSRVHGWRDQDO\]HVHQWLPHQWSRODULWLHVRIFRQVXPHUGDWD
7KH ILUVW VWHS LV WR FODVVLI\ ZKHWKHU HDFK VHQWHQFH LQ FRQVXPHU GDWD LV
REMHFWLYHRUVXEMHFWLYH ,Q WKLVVWHSDSXEOLFGDWDVHW LVXWLOL]HGZKLFKLQFOXGH
VXEMHFWLYH DQG  REMHFWLYH VHQWHQFHV 3DQJ DQG /HH  :LWK WKLV WUDLQLQJ
GDWDVHW HDFK VHQWHQFH LV GHQRWHGDV D EDJRIZRUGVDQGD1DLYH%D\HV FODVVLILHU LV
EXLOW:LWKWKLVFODVVLILHUVXEMHFWLYHDQGREMHFWLYHVHQWHQFHVDUHGLVWLQJXLVKHG,IRQH
VHQWHQFH LV SUHGLFWHG DV DQ REMHFWLYH RQH LQ WKLV VWXG\ LW LV DVVXPHG WKDW WKLV
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ϭϴ

FRQVXPHU SUHVHQWV QHXWUDO VHQWLPHQW WRZDUGV SURGXFW IHDWXUHV PHQWLRQHG LQ WKH
VHQWHQFH
7KH VHFRQGVWHS LV WRFODVVLI\ZKHWKHU RQH VXEMHFWLYH VHQWHQFH LVSRVLWLYHRU
QHJDWLYH $ VLPSOH PHWKRG LV WR FDOFXODWH WKH :RUG1HW GLVWDQFH EHWZHHQ
DGMHFWLYHDGYHUEZRUGVDQGVHHGZRUGV6SHFLDOO\DIWHUVRPHVHHGZRUGVDUHODEHOHG
DVSRVLWLYHRU QHJDWLYH VHQWLPHQWSRODULWLHV RIDGMHFWLYHDGYHUEZRUGVDUHHVWLPDWHG
E\WKH:RUG1HWGLVWDQFHVLQFHV\QRQ\PVRISRVLWLYHZRUGVDUHSRVLWLYHDQGV\QRQ\PV
RI QHJDWLYH ZRUGV DUH QHJDWLYH +RZHYHU D VHQWHQFH PD\ FRQWDLQ RQH RU PRUH
DGMHFWLYHDGYHUEZRUGVZLWK GLYHUVLILHG VHQWLPHQW SRODULWLHV7KHQ WKH VHQWLPHQW RI
VXEMHFWLYHVHQWHQFHZLOOEHFRQWURYHUVLDOLILWLVVLPSO\UHJDUGHGWRFRXQWZKHWKHUWKH
QXPEHU RI SRVLWLYH WHUPV LV ELJJHU WKDQ WKDW RI WKH QHJDWLYH 7R DYRLG DUELWUDULO\
SUHGLFW WKH VHQWLPHQWSRODULW\RI WKHRYHUDOO VHQWHQFH LQ WKLVVWXG\HDFK VHQWHQFH LV
UHSUHVHQWHG E\ WKH VXEMHFWLYH OH[LFRQ LQ034$SURMHFW :LOVRQ HW DO $OVR
VLQFHQRXQVDGMHFWLYHVDGYHUEVDQGYHUEVDUHJHQHUDOO\FRQVLGHUHG WREHXWLOL]HG WR
H[SUHVVVHQWLPHQWSRODULW\ZRUGVZLWKRWKHU326DUHILOWHUHGRXW6XEVHTXHQWO\JLYHQ
VHQWLPHQWDOLQIRUPDWLRQSUHVHQWHGLQSURVDQGFRQVUHYLHZVDQGWKHVXEMHFWLYHOH[LFRQ
UHSUHVHQWDWLRQRIHDFKVHQWHQFHD1DLYH%D\HVVHQWLPHQWFODVVLILHULVEXLOWWRHVWLPDWH
VHQWLPHQW SRODULWLHV RI SURGXFW IHDWXUHV $FWXDOO\ RWKHU W\SHV RI FODVVLILFDWLRQ
PHWKRGVDUH WHVWHG VXFKDV690 ORJLVWLF UHJUHVVLRQ HWF+RZHYHU LW LV IRXQG WKDW
WKH1DLYH%D\HVFODVVLILHUSHUIRUPVWKHEHVW

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ϭϵ

 7UHQGUHFRJQLWLRQRI&5V
$QRWKHUFULWLFDOWDVNIRUFXVWRPHUGULYHQSURGXFWGHVLJQLVWRUHFRJQL]HWKHFKDQJLQJ
WUHQGV RI&5V 6SHFLDOO\ LQ WKLV UHVHDUFK WKH DYHUDJH RSLQLRQ RID VSHFLILF SURGXFW
IHDWXUHLVUHJDUGHGDV&5VRIWKLVIHDWXUHDQGD.DOPDQILOWHULQJDSSURDFKLVSURSRVHG
WRDQDO\]HWKHG\QDPLFFKDQJHRI&5VLQWKHSURGXFWIHDWXUHOHYHO
,Q WKLVDSSURDFKVHQWLPHQWSRODULWLHVRIDVSHFLILFIHDWXUHDUHILUVWO\PRGHOHG
DVDOLQHDUV\VWHP,WLVGHQRWHGDV
WWW $]] H  
]WLVDODWHQWYDULDEOHWRUHSUHVHQWWKHDYHUDJHUHDORSLQLRQRIDVSHFLILFIHDWXUH
DW WLPH W LQ D QRLV\ HQYLURQPHQW$ LV D GHVLJQHG OLQHDU WUDQVLWLRQPDWUL[ İW LV WKH
V\VWHP QRLVH DW WLPH W DQG LW LV DVVXPHG WR IROORZ D ]HURPHDQ*DXVVLDQZKLFK LV
GHQRWHGDV
a WW 41H 
4W LV WKHYDULDQFHRIİWDW WLPH W7RVLPSOLI\ WKHPRGHO4W LVDVVXPHG WREH
HTXDO WR D FRQVWDQW 4 DQG LW GRHV QRW FKDQJH DORQJ WKH WLPH \W LV WKH DFWXDO
REVHUYDWLRQRI WKHDYHUDJHRSLQLRQRID VSHFLILF IHDWXUHDW WLPH W ,W FDQEH LQIHUUHG
IURPDOLQHDUREVHUYDWLRQPRGHO
WWW &]\ G  
&LVDGHVLJQHGOLQHDUREVHUYDWLRQPDWUL[įWLVWKHREVHUYDWLRQQRLVHDWWLPHW
6LPLODUO\LWLVDOVRDVVXPHGWRIROORZD]HURPHDQ*DXVVLDQ
a WW 51G 
$OVR5WLVDVVXPHGQRWWRFKDQJHDORQJWKHWLPHDQGLWHTXDOVWR5
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ϮϬ

7KHREMHFWLYHKHUHLVWRHVWLPDWH&5VRIDVSHFLILFSURGXFWIHDWXUH]WEDVHGRQ
WKHDFWXDOREVHUYDWLRQ\WDWWLPH W6SHFLDOO\VLQFH]WDQG\W LVDVFDODUDWWLPH W WKH
GHVLJQHGOLQHDUWUDQVLWLRQPDWUL[$DQGWKHOLQHDUREVHUYDWLRQPDWUL[&HTXDOWRRQH
$FFRUGLQJWRWKHDERYHVHWWLQJVD.DOPDQILOWHUDSSURDFKLVHPSOR\HGZKLFK
LV D %D\HVLDQ ILOWHULQJ PHWKRG IRU OLQHDU*DXVVLDQ VWDWH VSDFH PRGHO 7KH .DOPDQ
ILOWHUDSSURDFKKDVEHHQZLGHO\SURYHQWREHDXVHIXODSSURDFKIRUWLPHVHULHVDQDO\VLV
,W LV D UHFXUVLYH DOJRULWKP WKDW XSGDWHV SDUDPHWHUV DW HDFK WLPH ZKHQ D QHZ
REVHUYDWLRQLVDYDLODEOHDWWLPHW,QSDUWLFXODULWHVWLPDWHV&5VDWWLPHWDQGREWDLQV
IHHGEDFNLQWKHIRUPRIQRLVHVZKLFKDUHXWLOL]HGLQWKHXSGDWHVWHS6LQFHERWKİWDQG
įW IROORZ 1RUPDO GLVWULEXWLRQ WKH SUHGLFWLRQ DERXW &5V DQG WKH XSGDWH DERXW WKH
SDUDPHWHUVFDQEHSHUIRUPHGLQDFORVHGIRUPDWHDFKLWHUDWLRQ,QWKHSUHGLFWLRQVWHS
LWIROORZV
4$$
$
]1\]S
7
WWW
WWW
WWWWWWW
6 6  
6 



_
_
__ __ PP P 
,QWKHXSGDWHVWHSLWIROORZV
5&&6
6&.
&.,
&].
]1\]S
7
WWW
W
7
WWW
WWWW
WWWWWWW
WWWWW
6 6 
6 6  
6 




_

_
_
__



__ PPP P

.WLVWKH.DOPDQJDLQPDWUL[DQGLWFDQEHVLPSOLILHGWR

_

__    6 66 5&5&&5&&&. 7WW77WW7WWW 
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Ϯϭ

:LWK WKLVDSSURDFKJLYHQ WKH LQLWLDO VHQWLPHQWSRODULWLHVIURPRQOLQHRSLQLRQ
GDWD FKDQJLQJ WUHQGV RI &5V LQ WKH VSHFLILF IHDWXUH OHYHO FDQ EH HVWLPDWHG
G\QDPLFDOO\IRUSURGXFWGHVLJQHUV

 &RPSDULVRQDQDO\VLVRI&5V
:KHQGHVLJQHUVFRQFHLYHQHZPRGHOVFXVWRPHUVDWLVIDFWLRQRIFRPSHWLWLYHSURGXFWV
LQ GLIIHUHQW IHDWXUH GLPHQVLRQV LV RIWHQ FRPSDUHG 7KURXJK WKH FRPSDULVRQV WKH
VWUHQJWKV DQG WKH ZHDNQHVVHV RI SURGXFWV DUH VKRZQ FOHDUO\ $FFRUGLQJO\ WKH QH[W
JRDOLVWRGHYHORSDPRGHOIRUWKHFRPSDULVRQVE\H[SORLWLQJRQOLQHRSLQLRQGDWD
+RZHYHU WKH QXPEHU RI FXVWRPHU UHIHUULQJ WR VSHFLILF IHDWXUHV RQ YDULRXV
SURGXFWV LV GLIIHUHQW )RU LQVWDQFH WKHUH DUH NS1   DQG NT1   FRQVXPHUV PHQWLRQ
SURGXFWIHDWXUH NI  RISURGXFWSDQGSURGXFWTUHVSHFWLYHO\,WFDQEHH[SHFWHGWKDWLW
LV D UDUH FDVH WKDW NS1   LV HTXDO WR NT1   ,Q DOO RI NS1   FRQVXPHUV VXSSRVH WKDW
NS
SRVLWLYH1   FRQVXPHUV DUH VDWLVILHG ZLWK NI  RI SURGXFW S NSQHJDWLYH1   FRQVXPHUV DUH
GLVVDWLVILHG NI  RI SURGXFW S DQG NSQHXWUDO1   FRQVXPHUV H[SUHVV D QHXWUDO RSLQLRQ
2EYLRXVO\ NS1  HTXDOV WR WKH VXP RI NSSRVLWLYH1   NSQHJDWLYH1   DQG NSQHXWUDO1   7KH
FRUUHVSRQGLQJ QXPEHU RI FRQVXPHUV SUHVHQWLQJ SRVLWLYH QHJDWLYH DQG QHXWUDO RQ
NI RI SURGXFW T LV NTSRVLWLYH1   NTQHJDWLYH1   DQG NTQHXWUDO1   1RZ WKH SUREOHP LV JLYHQ WKHVH
REVHUYDWLRQVKRZWRLQIHUZKLFKSURGXFWLVPRUHIDYRUDEOHRQSURGXFWIHDWXUH NI 
2QWKHIDFHRILWRQHLQWXLWLYHPHWKRGLVWRFRPSDUHZKLFKSURGXFWUHFHLYHD
KLJKHUUDWLRRISRVLWLYHRSLQLRQV+RZHYHU LWPLJKW LQGXFHDPLVOHDGLQJFRQFOXVLRQ
)RU LQVWDQFH WKHUHDUHRXWRIFRQVXPHUVDUHVDWLVILHGZLWK NI  RISURGXFWSDQG
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ϮϮ

RXWRIFRQVXPHUVDUHVDWLVILHGZLWK NI  RISURGXFWT,IWKHVLPSOHPHWKRGLV
DSSOLHG SURGXFWS LV DVVXPHG WR EH EHWWHU 1RQHWKHOHVV RQO\ DZHDN FRQILGHQFH LV
VKRZQVLQFHLWGRHVQRWKDYHVXIILFLHQWFRQVXPHUVUHIHUULQJWRLW$FFRUGLQJO\LQWKLV
UHVHDUFK D %D\VLDQ DQDO\VLV PHWKRG LV SURSRVHG WR PDNH FRPSDULVRQV EHWZHHQ
SURGXFWV
6XSSRVHWKHFXVWRPHUVDWLVIDFWLRQRI NI  LVGLVWULEXWHGRYHUSRVLWLYHQHJDWLYH
DQGQHXWUDORSLQLRQGLPHQVLRQVDQGLWIROORZVWKH'LULFKOHWGLVWULEXWLRQ/HW NS D  EH
WKUHHGLPHQVLRQ SDUDPHWHUV RI WKH 'LULFKOHW GLVWULEXWLRQ RQ NI  RI SURGXFW S
GHQRWLQJ WKHSUREDELOLWLHVRIFXVWRPHUZLWKSRVLWLYHQHJDWLYHDQGQHXWUDOVHQWLPHQW
1RZVXSSRVHWKHFXVWRPHUVDWLVIDFWLRQLQLWLDOO\IROORZVDXQLIRUPGLVWULEXWLRQDQGLW
LVWKHQGHQRWHGDV
a 'LUNSD 
,QSDUWLFXODU WKHILUVW WKHVHFRQGDQGWKHWKLUGGLPHQVLRQGHQRWHWKHSULRURI
SRVLWLYH QHJDWLYH DQG QHXWUDO VHQWLPHQW UHVSHFWLYHO\ 1RZ VXSSRVH RQH SRVLWLYH
FXVWRPHU RSLQLRQ RQ NI  RI SURGXFW S LV REVHUYHG NS D  LV XSGDWHG DV
a 'LUNSD  6LPLODUO\ LI RQH QHJDWLYH FXVWRPHU RSLQLRQ RQ NI  RI SURGXFW S
VKRZV NS D  LVXSGDWHGDV a 'LUNSD $VLPLODUXSGDWHFDQEHFRQGXFWHGRQ
WKHWKLUGGLPHQVLRQLIRQHQHXWUDOSHUVSHFWLYHLVREVHUYHG
$FFRUGLQJO\ NS D FDQ EH XSGDWHG VHTXHQWLDOO\ DIWHU D VHULHV RI FXVWRPHU
RSLQLRQ GDWD DUH UHSRUWHG 1RZ JLYHQ NSSRVLWLYH1   FRQVXPHUV SUHVHQWLQJ SRVLWLYH
NS
QHJDWLYH1   FRQVXPHUV SUHVHQWLQJ QHJDWLYH DQG NSQHXWUDO1   FRQVXPHUV SUHVHQWLQJ QHXWUDO
RSLQLRQRQSURGXFWIHDWXUH NI RISURGXFWS SD FDQEHXSGDWHGDV
Page 24 of 55
http://mc.manuscriptcentral.com/tprs  Email: ijpr@tandf.co.uk
International Journal of Production Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
Ϯϯ

a  NSQHXWUDONSQHJDWLYHNSSRVLWLYHNS 111'LU D 
6LPLODUO\ NT D  RQ IHDWXUH NI  RI SURGXFW T FDQ EH XSGDWHG DIWHU NTSRVLWLYH1  
FRQVXPHUV SUHVHQWLQJ SRVLWLYH NTQHJDWLYH1   FRQVXPHUV SUHVHQWLQJ QHJDWLYH DQG NTQHXWUDO1  
FRQVXPHUV SUHVHQWLQJ QHXWUDO RSLQLRQ RQ SURGXFW IHDWXUH NI RI SURGXFW T ,W LV
UHSUHVHQWHGDV
a  NTQHXWUDONTQHJDWLYHNTSRVLWLYHNT 111'LU D 
/HW NSSRVLWLYHD  EH WKH SUREDELOLW\ RI FXVWRPHUV ZLWK SRVLWLYH VHQWLPHQW RQ
SURGXFW IHDWXUH NI RISURGXFWSDQG NTSRVLWLYHD  EH WKHSUREDELOLW\RI WKDWRISURGXFWT
'HILQH NTSRVLWLYHNSSRVLWLYHNSRVLWLYH  DDG   DV WKH GLIIHUHQFH RI SUREDELOLWLHV ,W LV GHVLUHG WR
FDOFXODWHWKHSUREDELOLW\WKDW NSRVLWLYHG  LVELJJHUWKDQ]HURZKLFKPHDQVWKHSUREDELOLW\
RI SURGXFW IHDWXUH NI RI SURGXFW S LV PRUH IDYRUDEOH WKDQ WKDW RI SURGXFW T 7KH
VWDWLVWLFFDQEHFRPSXWHGE\DGRXEOHLQWHJUDWLRQDV
³ ³   
!



 

_
_

NTNSNT
QHXWUDO
NT
QHJDWLYH
NT
SRVLWLYH
NT
NS
QHXWUDO
NS
QHJDWLYH
NS
SRVLWLYH
NSNT
SRVLWLYH
NS
SRVLWLYH
N
SRVLWLYH
GG111'LU
111'LU,
S
DDDDDD
G

*HQHUDOO\LWLVGLIILFXOWWRFDOFXODWHWKHLQWHJUDWLRQGLUHFWO\+RZHYHUDVLPSOH
\HW HIIHFWLYHPHWKRG LV WR DSSUR[LPDWH WKH VWDWLVWLF  NSRVLWLYHS G  E\ WKH0RQWH&DUOR
VDPSOLQJ PHWKRG 6SHFLDOO\ VLQFH NS D  DQG NT D  DUH LQGHSHQGHQW WKH\ FDQ EH
VDPSOHG VHSDUDWHO\ IURP WKH 'LULFKOHW GLVWULEXWLRQ 1H[W DFFRUGLQJ WR WKH VDPSOHG
NS D  DQG NT D  WKH UDWLR RI WKH FDVH WKDW NSSRVLWLYHD  LV ELJJHU WKDQ NTSRVLWLYHD  FDQ EH
FDOFXODWHG *LYHQ VXIILFLHQW VDPSOHV WKH LQWHJUDWLRQ FDQ EH HVWLPDWHG ZKLFK LQIHUV
ZKHWKHUWKHSUREDELOLW\RISURGXFWIHDWXUH NI RISURGXFWSLVJHQHUDOO\PRUHIDYRUDEOH
WKDQWKDWRISURGXFWT
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
 &$6(678'<
 'DWDSUHSDUDWLRQ
7RH[SODLQKRZWKHSURSRVHGPHWKRGV IDFLOLWDWHGHVLJQHUV IRUPDUNHWGULYHQSURGXFW
GHVLJQDFDVHVWXG\DERXWWKHDQDO\VLVRIRQOLQHFRQVXPHURSLQLRQGDWDLVLOOXVWUDWHG
,QWKLVFDVHVWXG\SURGXFWIHDWXUHVDQGWKHFRUUHVSRQGLQJVHQWLPHQWSRODULWLHV
DUHILUVWO\LGHQWLILHGIURPUHYLHZVLQ$PD]RQFRPZLWKWKHKHOSRI:RUG1HWDQGSURV
DQGFRQVUHYLHZVLQ&QHWFRP1H[WLQWKLVFDVHVWXG\G\QDPLFFKDQJHVRI&5VDUH
SUHVHQWHG DQG SUHGLFWHG E\ WKH SURSRVHG .DOPDQ ILOWHULQJ DSSURDFK $OVR &5
FRPSDULVRQVDUHFRQGXFWHGRQVLPLODUSURGXFWVE\WKHDQDO\VLVRIRQOLQHRSLQLRQV
3DUWLFXODUO\  UHYLHZV RI  LQWHOOLJHQW PRELOH SKRQHV DUH FROOHFWHG
IURP &QHWFRP ZKLFK LQFOXGH  FRPSOLPHQWV DQG  FULWLFDO FRPPHQWV
7KHVH UHYLHZV DUH ILUVWO\ XWLOL]HG DV WUDLQLQJ GDWD WR LGHQWLI\ SURGXFW IHDWXUHV DQG
DQDO\]H VHQWLPHQW SRODULWLHV IURP ELJ FRQVXPHU RSLQLRQ GDWD $FFRUGLQJ WR WKH
SURSRVHGWHFKQLTXHVLQ6HFWLRQDQG6HFWLRQDOLVWRISURGXFWIHDWXUHVLVIRXQG
,Q7DEOHVRPHIUHTXHQWO\GLVFXVVHGIHDWXUHVDUHVKRZQ
>,QVHUW7DEOH6RPHIUHTXHQWO\GLVFXVVHGIHDWXUHVLQSURVDQGFRQVUHYLHZV@
3URGXFW IHDWXUH ZRUGV DUH LGHQWLILHG XVLQJ SURV DQG FRQV UHYLHZV 7KH
IUHTXHQF\ GHQRWHV KRZRIWHQ WKH\ DUH UHIHUUHG LQ WKH SURV DQG FRQV UHYLHZGDWDVHW
7KHVH IHDWXUHV DUH UHSUHVHQWHG LQ WHUPV RI QRXQ FOXVWHUV ZLWK D VLPLODU PHDQLQJ
7DNHQ ZRUGV LQ QRXQ FOXVWHUV DV VHHGV SURGXFW IHDWXUHV FDQ EH LGHQWLILHG IURP
FRQVXPHU RSLQLRQ GDWD 6SHFLDOO\ LQ WKLV FDVH VWXG\ PRELOH SKRQH UHYLHZV LQ
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
$PD]RQFRPDUHWDNHQDVH[HPSODU\FXVWRPHURSLQLRQGDWDDQGRQO\WKRVHSURGXFWV
ZLWKPRUH WKDQUHYLHZVDUH WDNHQ LQWRFRQVLGHUDWLRQV$VD UHVXOWDZHEFUDZOHU
FROOHFWHGUHYLHZVRISURGXFWV7KHGLVWULEXWLRQRIWKHQXPEHURIUHYLHZV
LQWHUPVRIWKHQXPEHURISURGXFWVLVLOOXVWUDWHGLQ)LJXUH
>,QVHUW)LJXUH6WDWLVWLFVRIUHYLHZV@
$V VHHQ IURP)LJXUH  LQ WKLV GDWDVHWPRVW RI SURGXFWV KDYH OHVV WKDQ
UHYLHZV DQG RQO\ D IHZ SURGXFWV UHFHLYH PRUH WKDQ  UHYLHZV $QRWKHU
FRQVLGHUDWLRQ UHJDUGLQJ WKH QXPEHU RI UHYLHZV LV WR LQYHVWLJDWH ZKHWKHU WKH\ DUH
GLVWULEXWHGHYHQO\LQWHUPVRISRVWLQJWLPH$FFRUGLQJO\VRPHVWDWLVWLFVDUHSUHVHQWHG
LQ)LJXUH
>,QVHUW)LJXUHRIUHYLHZVYVHODSVHGPRQWKV@
$VVHHQIURP)LJXUHPRVWUHYLHZVDUHSRVWHGLQOHVVWKDQPRQWKVDQGWKH
QXPEHURIUHYLHZVGHFOLQHVJUDGXDOO\DORQJWKHWLPH+RZHYHUDIWHUPRQWKVWKHUH
DUH VWLOO DERXW  UHYLHZV DUH SRVWHG E\ FRQVXPHUV ,W FDQ EH LQIHUUHG WKDW IRU
VRPH KRW SURGXFWV DOWKRXJK WKH\ DUH QRW YHU\ SRSXODU DIWHU WKUHH \HDUV WKHUH VWLOO
H[LVW VRPH SRWHQWLDO FRQVXPHUV ,Q DGGLWLRQ IRU WKH QXPEHU RI VHQWHQFHV DQG WKH
QXPEHURIZRUGVDERXWWKHVHUHYLHZVVRPHVWDWLVWLFVDUHGHVFULEHGLQ)LJXUH
>,QVHUW)LJXUHRIUHYLHZVYVRIVHQWHQFHVDQGRIZRUGV@
$VVHHQIURP)LJXUHWKHQXPEHURIVHQWHQFHVDQGWKHQXPEHURIZRUGVGR
QRWGLVWULEXWHHYHQO\DQGURXJKO\VSHDNLQJ WKH\IROORZD=LSILDQGLVWULEXWLRQ0RVW
UHYLHZVFRQWDLQ OHVV WKDQ ILYHVHQWHQFHVDQGRQO\D IHZRI WKHPKDYHPRUH WKDQ
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
VHQWHQFHV 6LPLODUO\ PRVW UHYLHZV DUH REVHUYHG WR KDYH OHVV WKDQ  ZRUGV DQG
PHUHO\DIHZRIUHYLHZVDUHORQJHUWKDQZRUGV
0RUHRYHURQDYHUDJHWKHUHDUHZRUGVLQHDFKUHYLHZ+RZHYHUWKH\
DUH DOVR QRW GLVWULEXWHG HYHQO\ZLWK WKHPD[LPXP RI ZRUGV LQ D VLQJOH
UHYLHZ$VLPLODUFDVHFDQEHDOVRREVHUYHGLQWHUPVRIWKHQXPEHURIVHQWHQFHVZLWK
DQDYHUDJHDQGDPD[LPXPVHQWHQFHVLQRQHUHYLHZ$OOWKHVH
SKRQH UHYLHZV LQ$PD]RQFRPDUHHPSOR\HG LQ WKLVFDVH VWXG\ WRGHPRQVWUDWHKRZ
RQOLQHRSLQLRQGDWDDUHXWLOL]HGE\GHVLJQHUVLQPDUNHWGULYHQSURGXFWGHVLJQ

 3URGXFWIHDWXUHLGHQWLILFDWLRQDQGVHQWLPHQWDQDO\VLV
,Q7DEOHWRSILYHIUHTXHQWO\PHQWLRQHGSURGXFWIHDWXUHVRIPRELOHSKRQHVDUH
OLVWHG7KHVFUHHQFRYHUDQGVFUHHQWKHEDWWHU\EDWWHU\DQGEDWWHULHVWKHDFFHVVRI
LQWHUQHW LQWHUQHW QHW QHWZRUN QHWZRUNV ZHE DQG ZLIL WKH DSSOLFDWLRQV DSS
DSSOLFDWLRQDSSOLFDWLRQVDQGDSSVDVZHOODVWKHPHPRU\RIPRELOHSKRQHVDUHIRXQG
WREHFRPHWRSKRW WRSLFV ,W LV UHDVRQDEOH VLQFH WKHPDMRULW\RI WRGD\
VKRWSURGXFWV
DUH DOO LQWHOOLJHQWPRGHOV ,QGHHG D ELJ VFUHHQ XVXDOO\ EHFRPHV WKH ILUVW DSSHDOLQJ
IHDWXUH IRU FRQVXPHUV WR FKRRVH +RZHYHU D ELJ VFUHHQ DOZD\VPHDQV KLJK SRZHU
FRQVXPSWLRQ +HQFH D VHFRQG FRQVLGHUDWLRQ LV WKHQ KRZ IUHTXHQWO\ FRQVXPHUV DUH
ERWKHUHG WR UHFKDUJH SKRQHV ,QGHHG SHUKDSV WKH PRVW FKDUPLQJ FKDUDFWHULVWLFV RI
PRGHUQ SKRQHV DUH WKH DFFHVV RI WKH LQWHUQHW DVZHOO DV WKH VXSSRUWHG DSSOLFDWLRQV
ZKLFK PDNH PRELOH SKRQHV EHFRPH RQH LPSRUWDQW W\SH RI LQWHOOLJHQW GHYLFHV DQG
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
HQDEOHFRQVXPHUVWRYLVLWLQWHUQHWFRQYHQLHQWO\$FFRUGLQJO\LWLVXQGHUVWDQGDEOHWKDW
DSSOLFDWLRQVDVZHOODVLQWHUQHWUHFHLYHVDVXEVWDQWLDOQXPEHURIFRPPHQWV
>,QVHUW7DEOH7RSIUHTXHQWO\GLVFXVVHGIHDWXUHVLQPRELOHSKRQHUHYLHZV@
1H[W VHQWLPHQW SRODULWLHV RI RQOLQH FRQVXPHU RSLQLRQ GDWD DUH DQDO\]HG ,Q
SDUWLFXODUZLWK WKHSURSRVHGDSSURDFK WKHDQDO\VLV UHVXOWDERXW VHQWLPHQWSRODULWLHV
RIRQHW\SLFDO$PD]RQUHYLHZLVLOOXVWUDWHGLQ7DEOH
>,QVHUW7DEOH$QH[DPSOHRIVHQWLPHQWDQDO\VLV@
,QWKHVHQWLPHQWFROXPQRI7DEOHUHSUHVHQWVDQHJDWLYHRSLQLRQDQG
GHQRWHVDQREMHFWLYHRSLQLRQ,QWKH)HDWXUHVFROXPQWKHLGHQWLILHGSURGXFWIHDWXUHV
DUH OLVWHG ,I RQH VHQWHQFH GRHV QRW UHIHU WR DQ\ SURGXFW IHDWXUH  LV ILOOHG LQ WKH
FRUUHVSRQGLQJVHQWLPHQW FHOO DQG WKH IHDWXUHV FHOO1RWLFH WKDW LQ WKLV H[DPSOH
WKLV FRQVXPHU SUHVHQWHG HLWKHU D QHJDWLYH RSLQLRQ RU DQ REMHFWLYH RSLQLRQ WRZDUGV
SURGXFW IHDWXUHV ,QRWKHU FDVHV LI D SRVLWLYHRSLQLRQ LV SUHVHQWHG LV XWLOL]HG WR
GHQRWHWKHVHQWLPHQW$QH[HPSODU\VHQWHQFHLVWKDW%DWWHU\OLIHZKLOHXVLQJGDWDKDV
DOVREHHQLPSURYHGDQKRXURILQWHUQHWEURZVLQJKLWP\EDWWHU\RQO\,QWKLV
VHQWHQFH WKH EDWWHU\ OLIH LV PHQWLRQHG DQG  ZLOO EH ILOOHG DXWRPDWLFDOO\ LQ WKH
FRUUHVSRQGLQJVHQWLPHQWFHOOE\WKHSURSRVHGPHWKRG
$FFRUGLQJO\ DYHUDJH VHQWLPHQW SRODULWLHV RI WRS  IUHTXHQWO\ GLVFXVVHG
IHDWXUHV RI  SKRQHV DUH OLVWHG LQ 7DEOH  $V VHHQ IURP WKLV WDEOH JHQHUDOO\
VSHDNLQJ D VOLJKWO\ QHJDWLYH RSLQLRQ LV SUHVHQWHG WRZDUGV DOO RI WKHVH KRW SURGXFW
IHDWXUHV
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
>,QVHUW7DEOH7KHDYHUDJHVHQWLPHQWSRODULWLHVRIWRSIUHTXHQWO\GLVFXVVHGIHDWXUHV
LQPRELOHSKRQHUHYLHZV@
7RLQYHVWLJDWHIUHTXHQWO\UHIHUUHGSURGXFWIHDWXUHVDQGVHQWLPHQWSRODULWLHVRI
D VSHFLILF SURGXFW LQ WKLV FDVH VWXG\ 6DPVXQJ *DOD[\ L ZKLFK LV D SRSXODU
SKRQHGXULQJDQGLVVHOHFWHG)RUWKLVSURGXFWUHYLHZVDUHFROOHFWHG
IURP $PD]RQFRP 7KH QXPEHU RI UHYLHZV DQG WKH IUHTXHQF\ UHIHUULQJ SURGXFW
IHDWXUHV DVZHOO DV WKH QXPEHU RI UHYLHZVZLWK D VSHFLILF RSLQLRQ DUH SUHVHQWHG LQ
7DEOH
>,QVHUW7DEOH)UHTXHQWO\UHIHUUHGSURGXFWIHDWXUHVLQUHYLHZVRI6DPVXQJL@
$V VHHQ IURP7DEOH  WRS ILYH IUHTXHQWO\ UHIHUUHGSURGXFW IHDWXUHV FRLQFLGH
ZLWKWKDWDSSHDUVLQWKHHQWLUHGDWDVHWRIUHYLHZVZKLFKDUHVKRZQLQ7DEOH
DQG WKH GLIIHUHQFH EHWZHHQ WZR WDEOHV OLHV LQ WKH SHUFHQWDJH RI UHYLHZV WKDW UHIHUV
SURGXFWIHDWXUHV,QWKHVHUHYLHZVFRQVXPHUVSUHVHQWGLIIHUHQWRSLQLRQVWRZDUGV
WKHVHIUHTXHQWO\UHIHUUHGIHDWXUHV$QLQWHUHVWLQJSKHQRPHQRQLVWKDWFRQVXPHUV
DUH QRW VDWLVILHG ZLWK WKH EDWWHU\ RI L DQG WKH ILJXUH IRU WKH PHPRU\ JRHV WR
 ,W VXJJHVWV WKDW GHVLJQHUV RI L DUH UHFRPPHQGHG WR FRQVLGHU KRZ WR
LPSURYHWKHSHUIRUPDQFHRIEDWWHU\DQGSURYLGHDODUJHUPHPRU\VSDFHWRFRQVXPHUV

 7KHFKDQJHVDQDO\VLVRI&5VIRUDVSHFLILFSURGXFW
$VPHQWLRQHGLQWKHSUHYLRXVVHFWLRQVWKHDYHUDJHVHQWLPHQWSRODULWLHVRIFRQVXPHUV
DUH UHJDUGHG DV &5V RI D VSHFLILF SURGXFW IHDWXUH +RZHYHU IUHTXHQWO\ UHIHUUHG
IHDWXUHV PD\ FKDQJH DORQJ WKH WLPH $FFRUGLQJO\ ZKLFK SURGXFW IHDWXUHV DUH
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
IUHTXHQWO\UHIHUUHGVKRXOGEHKLJKOLJKWHGDWILUVW7KHLQYHVWLJDWLRQDERXWWKHFKDQJHV
RIIUHTXHQWO\UHIHUUHGIHDWXUHVDVVLVWVGHVLJQHUV WRREVHUYHWKHLQWHUHVWRIFRQVXPHUV
,Q7DEOHWRSWKUHHIUHTXHQWO\UHIHUUHGSURGXFWIHDWXUHVDVZHOODVWKHSHUFHQWDJHRI
UHYLHZVWKDWGLVFXVVWKHVHIHDWXUHVDUHOLVWHG
>,QVHUW7DEOH7RSWKUHHIUHTXHQWO\UHIHUUHGIHDWXUHVLQGLIIHUHQW\HDUV@
$VVHHQIURP7DEOHEDWWHU\DQGVFUHHQDUHRIWHQGLVFXVVHGE\FRQVXPHUV
,WLVHDVLO\XQGHUVWDQGDEOHVLQFHFRQVXPHUVDOZD\VSUHIHUWKRVHSURGXFWVZLWKVXLWDEOH
VL]H RI FOHDU VFUHHQ DQG WKH\ DUH UHOXFWDQW WR EH ERWKHUHG WR UHFKDUJH IUHTXHQWO\
$QRWKHUSKHQRPHQRQLVWKDWWKHWRSUHIHUUHGIHDWXUHVFKDQJHIURP\HDUVWR\HDUV)RU
VRPH HDUO\ SURGXFWV FRQVXPHUV SD\ DWWHQWLRQ WR WKH SLFWXUHV WDNHQ E\ SKRQHV
+RZHYHU ZLWK WKH IDVW GHYHORSPHQW RI ,&7 SKRQHV DUH XWLOL]HG DV DQ LQWHOOLJHQW
GHYLFH WR DFFHVV WKH LQWHUQHW $OVR YDULRXV LQWHUHVWLQJ DSSOLFDWLRQV LQ SKRQHV ZHUH
WKHQ EHFRPLQJ KRW WRSLFV ZKLFK DUH UDUHO\ VHHQ LQ FXVWRPHU IHHGEDFN RI HDUO\
SURGXFWV
1H[W WKH FRQFHQWUDWLRQ WXUQV WR WKH DQDO\VLVDERXW&5FKDQJHVRI D VSHFLILF
SURGXFWIHDWXUHDQGUHYLHZVRI6DPVXQJ LDUHVWLOO WDNHQDVDQH[DPSOH ,Q
)LJXUHWKHQXPEHURIUHYLHZVLVGHVFULEHGLQWHUPVRIHODSVHGGD\V$VVHHQIURP
WKLV ILJXUH DOO UHYLHZVDUHSRVWHG LQGD\VDQG WKHQXPEHURI UHYLHZVGHFUHDVHV
JUDGXDOO\ DIWHU  GD\V 7KLV UHVXOW PHHWV ZKDW DUH GHVFULEHG LQ )LJXUH  ZKLFK
LPSOLHVWKDWPRVWUHYLHZVDUHJHQHUDWHGLQOHVVWKDQPRQWKV
>,QVHUW)LJXUHRIUHYLHZVYVHODSVHGGD\V6DPVXQJLUHYLHZV@
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
,Q)LJXUHWKHQXPEHURIUHYLHZVUHIHUULQJWRSWKUHHKRWSURGXFWIHDWXUHVLV
FRPSDUHG $V VHHQ IURP WKLV ILJXUH WKH QXPEHU RI UHYLHZV UHIHUULQJ WR SURGXFW
IHDWXUHVIOXFWXDWHVIURPWLPHWRWLPH7RREWDLQFRQYLQFLQJUHVXOWVLQWKLVUHVHDUFKDW
OHDVW IRXU FRQVXPHUVPHQWLRQHG WKH VSHFLILF SURGXFW IHDWXUH LQ D IL[HG WLPH VORW LV
FRQVLGHUHGDQGWKHDYHUDJHGRSLQLRQLVUHJDUGHGDVWKH&5RIWKLVSURGXFWIHDWXUH
>,QVHUW)LJXUHRIUHYLHZVWKDWUHIHUVWRDSURGXFWIHDWXUHYVHODSVHGGD\V
6DPVXQJLUHYLHZV@
7KHDYHUDJHGVHQWLPHQWSRODULWLHVRI WRSWKUHHSURGXFWIHDWXUHVDUHFRPSDUHG
LQ)LJXUH&5RYHUD VSHFLILF SURGXFW IHDWXUH LV VHHQQRW WREHFRQVWDQWDORQJ WKH
WLPH )RU LQVWDQFH DOWKRXJK JHQHUDOO\ FRQVXPHUV DUH QRW VDWLVILHGZLWK WKH EDWWHU\
OLIH WKH DYHUDJH RSLQLRQ FKDQJHV IURP RQH WLPH VORW WR DQRWKHU 7R KHOS GHVLJQHUV
HVWLPDWHWKHSRWHQWLDO&5LQWKHQH[W WLPHVORW WKHLQWURGXFHGPRGHOV LQ6HFWLRQ
DUHXWLOL]HG
>,QVHUW)LJXUH&5RIDSURGXFWIHDWXUHYVHODSVHGGD\V6DPVXQJL
UHYLHZV@
,Q DOO RI WKUHH VXE ILJXUHV LQ )LJXUH  SUHGLFWHG &5V RI WKUHH IUHTXHQWO\
PHQWLRQHGSURGXFWIHDWXUHVDUHGHQRWHGDVDUHGOLQHZKLOH&5VLGHQWLILHGIURPRQOLQH
FXVWRPHURSLQLRQDUHGHQRWHGDVDEOXH OLQH$VVHHQIURP WKLV ILJXUH WKHSUHGLFWHG
&5 DQG WKH REVHUYHG &5 GHPRQVWUDWH D VPDOO HUURU ZKLFK PHDQV WKH SURSRVHG
PHWKRGLVFDSDEOHWRSUHGLFW&5VRIDVSHFLILFSURGXFWIHDWXUHLQDKLJKSHUIRUPDQFH
>,QVHUW)LJXUH2EVHUYHG&5YV3UHGLFWHG&56DPVXQJLUHYLHZV@

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
 7KHFRPSDULVRQDQDO\VLVRI&5V
,Q WKLV VHFWLRQ WKH REMHFWLYH LV WR PDNH FRPSDULVRQV RI &5V EHWZHHQ FRPSHWLWLYH
SURGXFWV IRU4)'6SHFLDOO\ IRXUFRPSHWLWLYHPRELOHSKRQHVDUH VHOHFWHG7KH\DUH
6DPVXQJ*DOD[\ L$SSOH L3KRQH 61RNLD /XPLD  DQG+7&2QH; )RU
VKRUW L L3KRQH6 /XPLD DQG 2QH; DUH XWLOL]HG 7KH QXPEHU RI
UHYLHZV DQG IUHTXHQWO\ GLVFXVVHG IHDWXUHV DV ZHOO DV DYHUDJH RSLQLRQV DUH OLVWHG LQ
7DEOHDQG7DEOHUHVSHFWLYHO\
>,QVHUW7DEOH7KHQXPEHURIUHYLHZVDQGWRSIUHTXHQWO\UHIHUUHGIHDWXUHV@
>,QVHUW7DEOHRIUHYLHZVZLWKDFHUWDLQVHQWLPHQWWKDWUHIHUVWRSURGXFWIHDWXUHV@
$VVHHQIURPWKLVWDEOHDQGWDEOHWKHWRWDOQXPEHURIUHYLHZVRIGLIIHUHQW
VHQWLPHQW WKDW PHQWLRQV D VSHFLILF SURGXFW IHDWXUH GRHV QRW GLVWULEXWH HYHQO\ 7KLV
SKHQRPHQRQPDNHV LWQRWFRQYLQFLQJ WR VLPSO\UHJDUGLQJ WKHSURSRUWLRQRISRVLWLYH
RSLQLRQDVDIDFWRUWRFRQVLGHUZKLFKSURGXFWLVEHWWHULQDVSHFLILFIHDWXUHGLPHQVLRQ
$FFRUGLQJO\ WKH SURSRVHG %D\VLDQ DQDO\VLV PHWKRG LV DSSOLHG WR FRPSDUH &5V RI
GLIIHUHQWSURGXFWV7KHFRPSDULVRQUHVXOWVEHWZHHQLDQGRWKHUSKRQHVDUHVKRZQ
LQ7DEOH
>,QVHUW7DEOH7KHFRPSDULVRQEHWZHHQLDQGWKUHHSURGXFWVRQILYHIHDWXUHV@
7DNHQ WKH FRPSDULVRQ ZLWK L3KRQH6 IRU LQVWDQFH ,W PHDQV WKDW WKH
SUREDELOLW\WKDWWKHVFUHHQRILLVEHWWHUWKDQL3KRQH6LV&RPSDULQJZLWK
WKH SHUFHQWDJH RI SRVLWLYH UHYLHZV LQ 7DEOH  DQG 7DEOH  VRPH LQWHUHVWLQJ
SKHQRPHQD DUH IRXQG $V VHHQ LQ 7DEOH  DQG 7DEOH   RXW RI  
FRQVXPHUVDUHVDWLVILHGZLWKWKHVFUHHQRILDQGWKHILJXUHIRU/XPLDJRHVWR
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
+RZHYHULQ7DEOHDSUREDELOLVWLFH[SODQDWLRQVDUHSURYLGHG,WFDQEHIRXQG
WKHSUREDELOLW\WKDWWKHVFUHHQRILLVEHWWHUWKDQWKDWRI/XPLDLVRQO\
:KHQWKHEDWWHU\OLIHDQGFRPSDWLEOHDSSOLFDWLRQVDUHPDMRUFRQFHUQVLVHHPVWR
EHPXFKPRUHIDYRUDEOHWKDQWKDWRI/XPLD

 &21&/86,21
1RZDGD\V RSLQLRQ GDWD DUH JHQHUDWHG RQOLQH IURP WLPH WR WLPH DQG SUHVHQWHG LQ D
YDULHW\ RI IRUPV VXFK DV FXVWRPHU UHYLHZV WZLWWHUV EORJV HWF 7KHVH RSLQLRQ GDWD
UHYHDO FRQVXPHUV
 PDMRU UHTXLUHPHQWV 7KH DELOLW\ WR SURPRWH D SURGXFW WKDWPHHWV
&5VIURPELJFRQVXPHURSLQLRQGDWDSOD\VDVLJQLILFDQWUROHLQPDUNHWGULYHQSURGXFW
GHVLJQHVSHFLDOO\ZKHQFRPSHWLWLYHSURGXFWVDUHDYDLODEOH$WLWVFRUH LW LV WKH&5V
XQGHUVWDQGLQJ IURP ELJ RSLQLRQ GDWD DW D GHHS OHYHO ZKLFK PHDQV SURFHVVLQJ DQG
DQDO\]LQJFRQVXPHURSLQLRQGDWDHIIHFWLYHO\EHFRPHVXUJHQWDQGKLJKO\LQGHPDQG
,Q WKLV UHVHDUFK D ELJ YROXPH RI FRQVXPHU RSLQLRQ GDWD DUH DQDO\]HG IRU
PDUNHWGULYHQ SURGXFW GHVLJQ IURP WKH GHVLJQHUV
 SRLQW RI YLHZ 6SHFLDOO\ RQOLQH
FXVWRPHU UHYLHZVDVDQ LPSRUWDQW W\SHRIFRQVXPHURSLQLRQGDWDDUHH[DPLQHG$W
ILUVW ZLWK WKH KHOS RI :RUG1HW DQG SURV DQG FRQV UHYLHZV SURGXFW IHDWXUHV DQG
VHQWLPHQW SRODULWLHV DUH LGHQWLILHG IURP ELJ FRQVXPHU RSLQLRQ GDWD %DVHG RQ WKH
LGHQWLILHG SURGXFW IHDWXUHV DQG WKH UHFRJQL]HG VHQWLPHQW SRODULWLHV D .DOPDQ ILOWHU
DSSURDFKLVHPSOR\HGWRUHFRJQL]HWKHWUHQGVRI&5VZKLFKKHOSVGHVLJQHUV WRDOHUW
SRWHQWLDO FKDQJHV RI &5V 0RUHRYHU D %D\VLDQ PHWKRG LV SURSRVHG WR PDNH
FRPSDULVRQVEHWZHHQ GLIIHUHQW SURGXFWV LQ IHDWXUH OHYHO7KLV VWXG\ LQYHVWLJDWHV WKH
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
SRVVLELOLW\ WKDW KHOSV GHVLJQHUV RQ KRZ WR KDQGOH WKH 9V RI ELJ FRQVXPHU RSLQLRQ
GDWD DQG KRZ WR SURFHVV WKHP E\ WKH ODWHVW GHYHORSPHQW RI WKH LQWHUGLVFLSOLQDU\
FROODERUDWLRQ

5()(5(1&(6
<RML$NDR4)'4XDOLW\)XQFWLRQ'HSOR\PHQW±,QWHJUDWLQJ&XVWRPHU5HTXLUHPHQWV
LQWR3URGXFW'HVLJQ3URGXFWLYLW\3UHVV
/DL.RZ&KDQDQG0LQJ/X:X4XDOLW\)XQFWLRQ'HSOR\PHQW$OLWHUDWXUHUHYLHZ
(XURSHDQ-RXUQDORI2SHUDWLRQDO5HVHDUFK
5D\ 0 &KDQJ 5REHUW - .DXIIPDQ DQG <RXQJ2N .ZRQ 8QGHUVWDQGLQJ WKH
SDUDGLJPVKLIW WRFRPSXWDWLRQDO VRFLDO VFLHQFHLQ WKHSUHVHQFHRIELJGDWD'HFLVLRQ
6XSSRUW6\VWHPV
<L]HQJ&KHQ5LFKDUG<.)XQJDQG-LDIX7DQJ5DWLQJWHFKQLFDODWWULEXWHVLQIX]]\
4)' E\ LQWHJUDWLQJ IX]]\ ZHLJKWHG DYHUDJH PHWKRG DQG IX]]\ H[SHFWHG YDOXH
RSHUDWRU(XURSHDQ-RXUQDORI2SHUDWLRQDO5HVHDUFK
+DOXN'HPLUNDQ DQG'XUVXQ'HOHQ /HYHUDJLQJ WKH FDSDELOLWLHV RI VHUYLFHRULHQWHG
GHFLVLRQ VXSSRUW V\VWHPV 3XWWLQJ DQDO\WLFV DQG ELJ GDWD LQ FORXG'HFLVLRQ6XSSRUW
6\VWHPV
3DXO +\PDQ 5HVHDUFKHUV 6WUXJJOH WR 0HDVXUH %LJ 'DWD
V ,PSDFW $&0
&RPPXQLFDWLRQV1RYHPEHU
,'& 'LJLWDO GDWD WR GRXEOH HYHU\  PRQWKV ZRUOGZLGH PDUNHWSODFH PRGHO DQG
IRUHFDVW)UDPLQJKDP0$DYDLODEOHDWZZZLGFFRP0D\
$GDP-DFREV7KHSDWKRORJLHVRIELJGDWD4XHXH-XO\
((UWXJUXO.DUVDN)X]]\PXOWLSOHREMHFWLYHGHFLVLRQPDNLQJDSSURDFK WRSULRULWL]H
GHVLJQ UHTXLUHPHQWV LQ TXDOLW\ IXQFWLRQ GHSOR\PHQW ,QWHUQDWLRQDO -RXUQDO RI
3URGXFWLRQ5HVHDUFK
&. .ZRQJ DQG + %DL 'HWHUPLQLQJ WKH ,PSRUWDQFH :HLJKWV IRU WKH &XVWRPHU
5HTXLUHPHQWV LQ4)'8VLQJ D )X]]\$+3ZLWK DQ ([WHQW $QDO\VLV$SSURDFK ,,(
7UDQVDFWLRQV
<DQODL/L-LDIX7DQJ;LQJJDQJ/XRDQG-LH;X$QLQWHJUDWHGPHWKRGRIURXJKVHW
.DQR¶V PRGHO DQG$+3 IRU UDWLQJ FXVWRPHU UHTXLUHPHQWV¶ ILQDO LPSRUWDQFH([SHUW
6\VWHPV:LWK$SSOLFDWLRQV3DUW
<LQJ /LX -LDQ -LQ 3LQJ -L -HQQ\$+DUGLQJ DQG5LFKDUG<. )XQJ ,GHQWLI\LQJ
+HOSIXO2QOLQH5HYLHZV$3URGXFW'HVLJQHU
V3HUVSHFWLYH&RPSXWHU$LGHG'HVLJQ
±
/L)HQJ0X-LD)X7DQJ<L=HQJ&KHQDQG&..ZRQJ$IX]]\PXOWLREMHFWLYH
PRGHO RI 4)' SURGXFW SODQQLQJ LQWHJUDWLQJ .DQR PRGHO ,QWHUQDWLRQDO -RXUQDO RI
8QFHUWDLQW\)X]]LQHVVDQG.QRZOHGJH%DVHG6\VWHPV
<RRQ(XL1DKP+DUXR,VKLNDZDDQG0DVDWR,QRXH1HZUDWLQJPHWKRGVWRSULRULWL]H
FXVWRPHU UHTXLUHPHQWV LQ4)'ZLWK LQFRPSOHWHFXVWRPHUSUHIHUHQFHV ,QWHUQDWLRQDO
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
-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\ 
%LPDO1HSDO2P3<DGDYDQG$OSHU0XUDW$IX]]\$+3DSSURDFKWRSULRULWL]DWLRQ
RI &6 DWWULEXWHV LQ WDUJHW SODQQLQJ IRU DXWRPRWLYH SURGXFW GHYHORSPHQW ([SHUW
6\VWHPV:LWK$SSOLFDWLRQV
%R 3DQJ DQG /LOOLDQ /HH $ VHQWLPHQWDO HGXFDWLRQ VHQWLPHQW DQDO\VLV XVLQJ
VXEMHFWLYLW\ VXPPDUL]DWLRQ EDVHG RQ PLQLPXP FXWV ,Q $&/
 %DUFHORQD 6SDLQ

+HQGU\5DKDUMR$DUQRXW&%URPEDFKHU71*RKDQG%R%HUJPDQ2QLQWHJUDWLQJ
.DQR
V PRGHO G\QDPLFV LQWR 4)' IRU PXOWLSOH SURGXFW GHVLJQ4XDOLW\ 5HOLDELOLW\
(QJLQHHULQJ,QWHUQDWLRQDO
< 6LUHOL 3 .DXIIPDQQ DQG ( 2]DQ ,QWHJUDWLRQ RI .DQR
V 0RGHO LQWR 4)' IRU
0XOWLSOH 3URGXFW 'HVLJQ ,((( 7UDQVDFWLRQV RQ (QJLQHHULQJ 0DQDJHPHQW 

*pUVRQ7RQWLQL ,QWHJUDWLQJ WKH.DQR0RGHODQG4)'IRU'HVLJQLQJ1HZ3URGXFWV
7RWDO4XDOLW\0DQDJHPHQW	%XVLQHVV([FHOOHQFH
<LQJ0LQJ :DQJ $VVHVVLQJ WKH UHODWLYH LPSRUWDQFH ZHLJKWV RI FXVWRPHU
UHTXLUHPHQWV XVLQJ PXOWLSOH SUHIHUHQFH IRUPDWV DQG QRQOLQHDU SURJUDPPLQJ
,QWHUQDWLRQDO-RXUQDORI3URGXFWLRQ5HVHDUFK
+VLQ+XQJ:XDQG-LXQQ,6KLHK8VLQJD0DUNRYFKDLQPRGHOLQ4XDOLW\)XQFWLRQ
'HSOR\PHQW WR DQDO\VH FXVWRPHU UHTXLUHPHQWV ,QWHUQDWLRQDO -RXUQDO RI $GYDQFHG
0DQXIDFWXULQJ7HFKQRORJ\
=H\QHS6HQHUDQG((UWXJUXO.DUVDN$FRPELQHGIX]]\OLQHDUUHJUHVVLRQDQGIX]]\
PXOWLSOHREMHFWLYHSURJUDPPLQJDSSURDFKIRUVHWWLQJWDUJHWOHYHOVLQTXDOLW\IXQFWLRQ
GHSOR\PHQW([SHUW6\VWHPVZLWK$SSOLFDWLRQV
( (UWXJUXO .DUVDN 5RERW VHOHFWLRQ XVLQJ DQ LQWHJUDWHG DSSURDFK EDVHG RQ TXDOLW\
IXQFWLRQ GHSOR\PHQW DQG IX]]\ UHJUHVVLRQ ,QWHUQDWLRQDO -RXUQDO RI 3URGXFWLRQ
5HVHDUFK
((UWXJUXO.DUVDNDQG&2NDQ2]RJXO$QLQWHJUDWHGGHFLVLRQPDNLQJDSSURDFKIRU
(53V\VWHPVHOHFWLRQ([SHUW6\VWHPVZLWK$SSOLFDWLRQV
-DKQD 2WWHUEDFKHU KHOSIXOQHVV LQ RQOLQH FRPPXQLWLHV $ PHDVXUH RI PHVVDJH
TXDOLW\,Q&+,
SDJHV$&0
&KXQ&KLK&KHQDQG0LQJ&KXHQ&KXDQJ,QWHJUDWLQJWKH.DQRPRGHOLQWRDUREXVW
GHVLJQDSSURDFK WRHQKDQFHFXVWRPHUVDWLVIDFWLRQZLWKSURGXFWGHVLJQ ,QWHUQDWLRQDO
-RXUQDORI3URGXFWLRQ(FRQRPLFV
6KX3LQJ/LQ&KHQ/XQJ<DQJ<DKXL&KDQ&KZHQ6KHX5HILQLQJ.DQR
V
TXDOLW\
DWWULEXWHV±VDWLVIDFWLRQ
 PRGHO $ PRGHUDWHG UHJUHVVLRQ DSSURDFK ,QWHUQDWLRQDO
-RXUQDORI3URGXFWLRQ(FRQRPLFV
;LQ/DL0LQ;LH.D\&KXDQ7DQDQG%R<DQJ5DQNLQJRIFXVWRPHUUHTXLUHPHQWVLQ
D FRPSHWLWLYH HQYLURQPHQW&RPSXWHUV 	 ,QGXVWULDO (QJLQHHULQJ    

&..ZRQJDQG7&:RQJDQG.<&KDQ$PHWKRGRORJ\RIJHQHUDWLQJFXVWRPHU
VDWLVIDFWLRQ PRGHOV IRU QHZ SURGXFW GHYHORSPHQW XVLQJ D QHXURIX]]\ DSSURDFK
([SHUW6\VWHPVZLWK$SSOLFDWLRQV
7KHUHVD:LOVRQ-DQ\FH:LHEHDQG3DXO+RIIPDQQ5HFRJQL]LQJ&RQWH[WXDO3RODULW\
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